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history and results for this site. The most significant findings are summarized in Section 6. 
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1 Introduction 

Pursuant to Contract No. 68-W6-0013, the U.S. Environmental Protection Agency 

(EPA) tasked Ecology and Environment, Inc., (E & E), the Region 6 Superfund Technical 

Assessment and Response Team (START) contractor, to perform a Site Assessment (SA) at the 

Wilcox Oil Company (Wilcox) refinery site (EPA Identification No. OKD0010917) located in 

Bristow, Creek County, Oklahoma. The site assessment follows a Preliminary Assessment (PA) 

conducted by the Oklahoma Department of Environmental Quality (ODEQ) in December 1994 

(ODEQ 1994a), and an Expanded Site Inspection (ESI) performed by Roy F. Weston, Inc., for 

ODEQ in March 1997 (Weston 1997). 

The Wilcox refinery site includes approximately 98 acres of an abandoned and 

demolished oil refinery and an associated tank farm area. The site is located on the northeastern 

outskirts of Bristow, near Interstate Highway 44 and approximately 35 miles southwest of Tulsa, 

Oklahoma. A site location map derived from the U.S. Geological Survey (USGS) Bristow and 

Slick quadrangles of the 7.5-minute topographic map series is presented in Figure 1-1. The 

Wilcox site is located approximately 0.2 mile east of State Highway 66, to the east of the Saint 

Louis and San Francisco (SL&SF) railroad tracks, and south of an unnamed section line road, 

variously referred to as Refinery Road or Wilcox Road. The geographic coordinates at the 

northwest comer of the site are approximately 35 ° 50'30" north latitude and 96 °23'00" west 

longitude. 

START was tasked to identify the area and extent of contamination by performing a site 

investigation. START was specifically charged to: 

• Conduct an oil spill response; 

• Coordinate with federal. state, and local officials: 

• Document the area and extent of spill impact; 
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• Identify and document cause/probable cause; 

• Provide maps, sketches, and photographic documentation; 

• Prepare a waste assessment (HAZCAT); 

• Conduct a SA for potential removal action under the National Contingency Plan 
(NCP) and Oil Pollution Act (OPA) of 1990; and 

• Determine threat to navigable waters of the United States. 

To meet the objectives of this program, E & E performed two phases of field work: 

April 27, April 28, and June I to June 4, 1998; and from August 3 to August 6, 1998. The first 

phase of field work was postponed from April to June after the collection of two soil and two 

sediment samples, due to saturated ground conditions at the site after heavy overnight rains. 

Field activities included the collection of subsurface soil, ground water, surface water, and 

sediment samples. The samples were submitted for laboratory analysis to determine the presence 

of benzene, toluene, ethylbenzene, and xylene (BTEX) compounds, polycyclic aromatic 

hydrocarbons (PAHs), total petroleum hydrocarbons (TPH), metals, and hydrogen ion 

concentration (pH). Analytical results were used to determine the presence of, and assess the 

threat to navigable waters from, potential site related contaminants. 
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2 Background Information 

2.1 Site Location and Setting 

This section summarizes existing infonnation for the project site. The Wilcox refinery 

site is located northeast of the City of Bristow, Creek County, Oklahoma (Figure 1-1). The site 

covers approximately 98 acres and is the location of a former oil refinery and tank farm. 

Refining began at the site during the 1920s and ended in the 1960s, when the site was abandoned 

and most steel structures were salvaged and removed. The site is also bordered to the northwest 

and west by former refinery sites. The Wilcox site includes remnants of the refinery buildings, 

,backfilled pits and ponds, and a number of circular berms that surrounded former large 

aboveground storage tanks. A site plan showing the layout of the site is presented as Figure 2-1. 

2.2 Regional Geology and Hydrogeology 

2.2.1 Geology 

Based on the soil survey for Creek County, the site contains several soil series: the 

Stephensville and Darnell fine sandy loams, sloping and gently slOping; the Verdigris silt loam; 

and Oil-waste land (USDA 1959). The Stephensville and Darnell fine sandy loams cover the 

majority of the site. These soils consist of shallow to moderately deep upland soils developed 

over reddish-yellow to red sandstone or interbedded sandstone and sandy shale. Runoff is slow 

to moderate, but internal drainage is moderate to rapid. The site-specific soils characterized in 

this investigation are presented in the soil boring logs (Appendix A). 

The Verdigris silt loam is located in the southwestern portion of the site, along Sand 

Creek. These soils occupy the flood plains of streams and are moderately well drained; however, 

they are flooded occasionally to frequently. Parent material consists of slightly acid to weakly 

alkaline alluvial sediments washed from soils of the prairies. 
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The Oil-waste land was mapped in discrete areas throughout the site in 1959. These 

soils are in the tank farm and former refinery equipment areas. The areas mapped in this 

miscellaneous land type have been practically ruined for agricultural use by oil and salt-water 

waste from oil wells and production facilities. They are generally gullied and eroded and were 

barren of vegetation. They ranged in size from 1 acre to several acres (USDA 1959). 

2.2.2 Hydrogeology 

The Barnsdall Formation is approximately 200 feet thick at the Wilcox site and consists 

of massive to thin beds of coarse to fine grain sandstone, irregularly interbedded with sandy to 

silty shale (USGS 1977). Sandstone outcrops of the Barnsdall Formation are common 

throughout the site, and potentially receive groundwater recharge irnm downward infiltration of 

direct precipitation at the surface, as well as infiltration from shallow, perched ground water 

zones. The Barnsdall Formation is a bedrock aquifer but is not considered to be a Principal 

Ground Water Resource by the Oklahoma State Department of Health (OSDH) (ODEQ 1994a). 

However, the site is in close proximity to the Vamoosa-Ada aquifer, an important central 

Oklahoma regional driiiking water aquifer. located west of the site. The site is within the 

potential recharge area for the Vamoosa-Ada aquifer, as shown in Figure 2-2 (OSDH 1983). 

The upper part of the Barnsdall Formation and the Sand Creek alluvial aquifer are 

unconfined, with a shallow water table. The site is in a potential recharge area and thus is 

susceptible to ground water contamination from petroleum waste or contaminated soils. Depths 

to seasonal perched water zones are less than 10 feet and the shallowest regional water bearing 

formation is reportedly less than 25 feet below ground surface (bgs) (ODEQ 1994a). However, a 

depth of 45 to 60 feet was reported for the first water saturated sandstone in a nearby former 

domestic water well (  1998). In summary, the possible ground water contamination 

mechanisms occurring at the site are 1) recharge to the shallow part of the Barnsdall Formation 

on site, 2) low potential recharge to the Vamoosa-Ada aquifer west of the site, and 3) discharge 

of perched ground water to the alluvial aquifer along Sand Creek to the south . 
•.. · 

2.3 Site Description and History 

2.3.1 Site Description 

The Wilcox site includes rerr1 .. 11a.11ts of a.11 inactive oil refinery and associated ta11k farm. 

/\.ccording to ODEQ personnel, the site boundai-ies have been revised from those defined in the 

1994 PA to include only those areas in which Wilcox Oil Company conducted operations. 

Although Wilcox Oil Company owned property west of the railroad tracks (currently occupied 
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by the First Assembly of God Church and pastor's residence), the facility only operated on the 

lands east of the SL&SF tracks. Other refineries operated on the west side of the railroad tracks 

(Lorraine Refinery) and north of Refinery Road (Ohio Oil). The current project site covers 

approximately 98 acres and includes the northern portion of Section 29, Township 16 North, 

Range 9 East (Indian Meridian) (ODEQ 1994b). The site can be divided into two former 

operational areas, the refinery area, and the tank farm, with four current property owners, as 

described below. 

The former refinery area, currently owned by  and his son , is fenced 

and covers approximately 18 acres at the west end of the project site (ODEQ 1994b). This area 

is bounded to the south by Sand Creek, to the east by an intermittent tributary to Sand Creek 

(Tributary 1), by the SL&SF railroad tracks to the west, and by Refinery Road to the north 

(Figure 2-1). Most of the refinery structures and tanks have been salvaged and removed or are in 

ruins. Four empty aboveground storage tanks (less than 150,000 gallons capacity each) remain 

standing on the refinery portion of the property, in addition to a substantial number of abandoned 

structures, rusted equipment, and partially buried pipelines. The ESI identified a number of 

potential waste source areas, and provided a basis for further subsurface investigation. These 

potential waste source areas are depicted in Figure 2-3, along with observed surface drainage 

pathways from sources toward stream channels. The bare, unvegetated area located in the south

central portion of the refinery area is a former pond, apparently backfilled with solid refinery 

process waste. This material was subject to HAZCAT testing, as described in Section 3.6. A 

former refinery office building in the northern part of the refinery has been converted to a 

residence. An intermittent creek (Tributary 1) flows southward along the eastern edge of the 

refinery area through a small dam in the southeast comer of the refinery area (  Pond) and 

into Sand Creek. 

The former tank farm, currently mostly owned by , covers approximately 

80 acres and contains waste pits, ponds, and a number of circular berm areas that surrounded 

former large ASTs (Figure 2-3). All of the tanks have been cut down and removed for salvage; 

however, visible remnants of the metal tank bottoms and tank bottom sludge (TBS) remain. 

Many of the berms surrounding the pits, ponds, and former tanks have recently been cut or 

leveled to prevent ponding and, in some cases, to release liquid tarry waste from the 

impoundments. An intermittent creek (Tributary 2) is located in the eastern portion of the tank 

fa..rm and flov1s south to Sand Creek (Figure 2-3). 
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 owns 3.6 acres of land in the west central portion of the site, including a 

stock watering pond on Tributary 1  Pond). Three people,  and their 

daughter, live at the  residence. The  raise chickens, rabbits, and cattle on their 

property. Based on aerial photographs, the  residence appears to be on top of a former 

refinery surface impoundment. Aerial photos also indicate that their property includes portions 

of a former large aboveground storage tank berm area to the north of their house, in addition to a 

second surface impoundment to the south of the house (Figure 2-3). 

A 1.15-acre, fenced, former pipeline pumping station that is currently owned by Sun Oil 

Company exists in the north-central portion of the site (Figure 2-3). An active Williams 

Company petroleum pipeline extends from southeast to northwest across the middle. of the site 

and through the Sun Oil property, on a leased right-of-way (ROW). The pipeline ROW 

apparently dates from the time of purchase by Wilcox Oil Company in 1929 (Table 1; 

Figure 2-3). 

2.3.2 Site History 

Wilcox Oil Company operated as a crude oil refinery from the 1920s until the property 

was sold in November 1963 (ODEQ 1994b). According to a 1930 article published in The 

Refiner and Natural Gasoline Manufacturer, the Wilcox Oil Company refinery was operated as a 

pilot project from about 1920 to 1928, with a capacity of 1,000 barrels of oil per day, by Riley 

Petroleum Cor'.Jpany (Reid 1930, cited by ODEQ 1994b). Wilcox Oil Company acquired the 

original 10-acre refinery property (NE'A, NW1A, NW1A of Section 29) in 1928 from A.A. 

Rollestone (ODEQ 1994b) .. A modernized skimming and cracking plant was constructed in 

1929. The upgraded facility had an opera\).ng capacity of 4,000 barrels of crude oil per day. The 
/ 

main components of the system consisted of a skimming plant, cracking unit, and redistillation 

battery with a vapor recovery system and continuous treating equipment. The crude oil was 

brought directly from the nearby oil fields, eliminating some storage and handling facilities, but 

resulting in crude with high bottom sediment and water content (ODEQ 1994a). 

At some unknown later date, the Wilcox Oil Company expanded operations by acquiring 

the former Lorraine refinery facility located west of the SL&SF railroad, and the tank farm area 

to the east of the refinery. The company sold the original site plus the expanded areas, totaling 

approximately 110 acres, to Wendel Sandlin on November 1, 1963. Most of the equipment and 

storage tanks that remained on site in 1963 were auctioned and have since been salvaged for 

scrap iron by private landowners and opportunistic salvagers. The Wilcox Oil Company no 

longer operates in Oklahoma, and, based on information acquired from the Oklahoma Secretary 
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of State's Office, the company merged with Tenneco Oil Company in 1967. According to file 

information,  acquired the original refinery property from  on 

March 27, 1973 (ODEQ 1994b).  acquired the bulk of the current Wilcox site from  

l in 1993 (Appendix B). A summary of current site owners and historical property transfers 

is presented in Table 2-1. 

2.4 Previous Investigations 

The EPA completed a Potential Hazardous Waste Site Identification form on June 7, 

1994. In response, the ODEQ completed a PA for the Wilcox site and adjacent refinery and tank 

farm sites, on December 15, 1994. The PA indicated that contamination of soil and ground water 

at the site had been observed and that potential receptors exist for these pathways (ODEQ 

l 994a). The PA then recommended a site inspection be conducted in order to better characterize 

the site and to determine whether threats to human health and the environment exist. The ES! 

was conducted by Rsiy F. W~ston_(\V~st<l_!l) for ODEQ in November 1996, and their results were 

presented in the ESI report dated March 1997. 

The ESI revealed the presence of numerous backfilled ponds and oily Wllfte pits, 11 

large tank bottom areas. assorted waste disposal areas, and other potential contaminant sources 

(Figure 2-3). Many of the tank bottom areas contained a thin layer of oily, tarry, black asphalt

like material generally referred to as tank.bottom sludge (TBS). Former containment features of 

the impoundments and tank bottom areas were cut or leveled after site closure, thus facilitating 

surface migration of source contaminants. Based on surface soil. stream sediment, and oily 

waste sampling results from the ESI, the contaminants of concern at the site are total petroleum 

hydrocarbons (TPH), benzene, selected polycyclic aromatic hydrocarbons (PAHs), and selected 

metals. A summary of the ESI analytical results is presented in Table 2-2. 

E & E conducted a site discovery survey under OPA in June 1997, and two site 

reconnaissance visits were performed by START in March and April 1998. During its site visits, 

START observed that the site owners had filled in Pond 1 and the 'oily waste' pit with site soil. 

The berm surrounding Pond 2 was breached and the pond drained toward Sand Creek. Four 

ASTs still remain on the  property at the west end of the site. Of these ASTs, two are 

empty, and two contain thin layers of watery, oily sludge. 

2.5 Hazardsiincidents of Concern 

The presence of hazardous substances at the site is a concern. There are possible 

concerns associated with the sources at the site and the migration of, or exposure to, site-

06:000608 _KJ06_ 04_00_00-DT1221 
SA.R.WPD-3/30/99-RA 2-5 

(b) (6) (b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



attributable hazardous substances through the ground water, surface water, soil exposure, and air 

pathways. The site overlies a shallow unconfmed aquifer that private residents north of the site 

use as a water source. In addition, the site overlies a potential recharge zone to the Vamoosa

Ada aquifer, a public water supply source. A release to surface water is of concern because of 

the proximity to surface water bodies and the lack of containment structures around potential 

waste sources. Wetland frontages occur in the downstream segments of Sand Creek, and further 

downstream in the Little Deep Fork Creek (Weston 1997). Areas of known surface soil and 

suspected subsurface soil contamination are located near and beneath on-site residences. 

However, on-site sources occur within fenced sections of private properties and the nearby 

population is relatively small. A release to the air to the nearby population is of some concern 

because of the known surface soil contamination at the site. 
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Table 2-1 

LAND OWNERSHIP HISTORY 
WILCOX REFINERY. BRISTOW, OKLAHOMA 

Acreage 
Address (Parcel Location On Site) Prouertv Owners Date of Transfer 

18 1/27179' 
(Western 115") 

3121n3• 

4/21/67' 

3/6/67' 

7115166' 

11/1/63' 

Wilcox Oil Company 1/4129' 

Unknown 

78.85 19932 

(Eastern 415") 
19923 

3.6 1/953 

(West Central) 
Unknown 

907 South Detroit Street l.15 Sun Pipeline Co.4 Unknown 
Tulsa, OK 74102 (North West Central) 

Key: 

1 =Potentially Responsible Party (PRPl Search, Oklahoma Department ofEnvironmental Quality (ODEQ), 12/12/94 
2 = Personal Communicauon. 7/17/98 
3 = ersonal Communication. 7/28/98 
4 =  Personal Communication, 7/21/98 
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Table 2-2 

SUMMARY OF EXP ANDED SITE INSPECTION 
ANALYTICAL RESULTS 

WILCOX REFINERY. BRISTOW, OKLAHOMA 

Maximum Concentration (mg/kg) 

Analyte OilvWaste Surface Soil Stream Sediment Backl!Tound Soil 

Acetone 2.2 481 ND 

Benzene 0.27 ND 

Toluene ND 

Ethylbenzene ND 

Xylenes ND 

Benzo(ghi)perylene 0.44 ND 

Chrysene 
. 

. 0.69 0.05 

2-Methylnaphthalene l,400 ND 

Phenanthrene :;,,; i . 520 0.79 0.034 

Pyrene ·h' 2601 0.56 ~ 0.062 

Pesticides/PCBs ND 

Total Petroleum Hydrocarbons &75.,()(){}' NA NA NA 

Aluminum 22,100 " 5,580 
' 

Antimony ... :ii:.'l '.n"f' ND(4) 

Arsenic &m· l.5 

Barium 191 58.2 

Beryllium '· 1;2. 0.28 

Copper 
. 

100 127 .. 5:5.(upstream) 5.3 

Cyanide 2 ND(0.7) 

Lead 
.. 

47;000 •',;;c5s;049 J l l 71 (upstream) 26.3 

Magnesium 5,080 6,260 (upstream) 744 

Manganese 938 233 

Mercury 0.11 0.18 ND (0.07) 

Potassiuin 3,300 961 

Selenium 0.84 ND(l) 

Silver 2 ND (l) 

Vanadium 38.1 l l.2 

Zinc 160 132 3 l.7 (unstream) 34.8 

Note: Blank spaces indicate analyte was not detected at concentrations greater than three times background soil concentrations. 
$1}@@.1_-, . results exceed one or more To Be Considered materials in Section 5 .1.1. 

Key: 

ES! 
J 
L 

NA 
ND 
mg/kg -

Expanded Site Inspection, Roy F. Weston, Inc., March 1997 
Estimated value 
Reported concentration is between the instrument detection limit and the CRDL 
Not analyzed 
Not detected 
Milligrams per kilogram 
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3 Actions Taken 

This section describes the field activities performed during the SA at Wilcox refinery. 

Field activities were performed in accordance with the Sampling QA/QC Work Plans and Health 

and Safety Plan developed for the site (E & E 1998a, b, c). Copies of the Phase 1and2 Work 

Plans, and the Health and Safety Plan are presented in Appendices C and D, respectively. Field 

activities were documented in the field logbook (Appendix E) and with photographs 

(Appendix F). 

3.1 Source Evaluation and Sample Locations 

Subsurface soil and ground water samples were taken in order to assess contaminant 

migration (vertical and horizontal), investigate geologic conditions, and determine the potential 

threat to navigable waters. Site access was obtained from each landowner prior to field 

mobilization (Appendix G). Samples collected during the first phase of work were generally 

collected at downgradient locations in relation to potential source areas identified from the ESI. 

The second phase of sampling concentrated on assessing the potential impacts to surface waters 

in Tributaries I and 2, from known source areas identified from the ESI and from the first phase 

sampling results. A summary of the rationale for each sample location is presented in 

Appendix H. 

Soil, ground water, surface water, and sediment samples were collected at the site in 

order to identify site-related contaminants in environmental media. A total of 55 subsurface soil 

samples, eight groundwater samples, four surface water samples, two sediment samples, and 12 

field quality control (QC) samples were collected. A summary of the number and dates of 

samples collected for each phase of field work, and for each sampling medium, is presented in 

Table 3-1. The samples were submitted for laboratory analysis to determine the presence of 

volatile BTEX compounds, semi-volatile PAHs. TPH, metals, and pH. A summary list of the 

06 :000608 _KJ06 _04_00_00-DT1221 
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analyses performed for each medium sampled is presented in Table 3-2. All first phase samples 

were shipped via Federal Express to the E & E Laboratory in Buffalo, New York, and the second 

phase samples were shipped to PDP Analytical Services in Houston, Texas. All analytical results 

are presented and evaluated in Section 4. 

3.2 Soil Coring/Sampling 

START nsed a Geoproben< hydraulic push sampler to initiate the first phase of field 

work in April and June 1998, to explore subsurface lithology, and determine the presence of site

related contaminants. Twenty-eight samples from nineteen 2-inch diameter soil cores were 

obtained to a maximum depth of 20 feet bgs within potential source areas. Samples were first 

logged by the field geologist, screened for the presence of volatile organic vapors using an HNu 

photoionization detector (PID), and transferred by hand from the acetate collection sleeves to the 

appropriate sample jars. Each borehole was sealed with bentonite pellets after sample collection. 

In addition, during the second phase of field work in August 1998, a total of 27 hand

driven, slam-bar borings were advanced to obtain shallow subsurface soil samples and/or perched 

ground water samples. The location of all soil borings is shown in Figure 3-1. The Geoprobe™ 

soil cores and hand-driven samples were also used to interpret site-specific lithology, which is 

presented on boring logs in Appendix A. A summary of soil boring parameters for each location 

including total depth, depth to water if encountered, depth to bedrock if present, and observations 

of contamination, is presented in Table 3-3. The areal distribution of the depth to bedrock data is 

also depicted in Figure 3-2. 

Fifty-five soil samples and six duplicates were collected from the subsurface (Table 

3-2). The soil samples submitted to the laboratory were analyzed for BTEX compounds using 

EPA Method 8015B Mod., for PAHs using EPA Method 8310, for TPH using the Texas Natural 

Resource Conservation Commission (TNRCC) Method 1005, for metals using EPA Method 

6010B, and for soil pH using EPA Method 9045C (Table 3-2). Soil sampling results are 

presented in Section 4.1. 

3.3 Ground Water Sampling 

Eight ground water samples and one duplicate were collected at the water table where 

encountered (Table 3- i ). All ground water sample locations and the associated soil borings are 

depicted in Figure 3-3. Samples were obtained where possible from open soil borings using the 

"ecycied paper 

06ooo6'8'8YKiOi164£::00 _00-DTI 221 
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stainless steel or acetate soil sampling tubes as bailers. Samples were placed in the appropriate 

containers, and cooled to 4 ° Celsius. Ground water samples were submitted for laboratory 

analysis to determine the presence of BTEX compounds and TPH. Ground water sampling 

results are presented in Section 4.2. 

3.4 Surface Water Sampling 

Four surface water samples and one duplicate were collected near the water surface from 

the upstream (north) and downstream (south) ends of  pond; and from the upstream and 

downstream ends of Tributary 2 at the property boundaries. All surface water sample locations 

are depicted in Figure 3-3. Samples were obtained directly in the appropriate containers, at or 

near the water surface. Samples were cooled to 4 ° Celsius and submitted to the laboratory for 

analysis of BTEX_ compounds and TPH (Table 3-2). Surface water sampling results are 

presented in Section 4.3. 

3.5 Sediment Sampling 

Two sediment samples were collected to fill a data gap in the ESI sampling program, 

and to evaluate the potential for contaminant migration from Pond 2 toward Sand Creek. 

Sediment samples were collected at the surface from depositional features in the drainage 

channel, using dedicated stainless steel sampling trowels. The sediment samples submitted to the 

laboratory were analyzed for BTEX, PAHs, TPH, metals, and pH (Table 3-2). Sediment 

sampling results are presented in Section 4.4. 

3.6 HAZCAT Testing 

START performed a series of simple field chemistry tests on one soil sample collected 

from the unvegetated area on the  property, in the west central portion of the site. The 

tests are designed to identify the hazard category (HAZCA T) of unknown samples in the 
/ 

following classifications: solubility/specific gravity, acid/base, oxidizer, flammable, chlorinated 

hydrocarbon. cyanide, sulfide, and hazard class. The HAZCAT test results are presented in 

Section 4.5. 

06:000608_KJ06_Q-l._00_00-DTI22l 
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3.7 Global Positioning System and Total Station Survey 

Geographic coordinates of all soil boring locations were detennined by ST ART by using 

a hand-held Global Positioning System ( GPS) instrument operating in autonomous mode, based 

on the North American Datum-83, with accuracy estimated at+/- 50 feet circular error probable. 

The accuracy of the GPS survey is uot deemed appropriate for the location of sampling 

points which are located manually in Section 3 figures to an estimated accuracy of± 20 feet 

circular error. 

A preliminary land survey was conducted by START on August 8, 1998 using a Sokkia 

Set-4E Total Intelligent Station surveying instrument. The main purpose of the survey was to 

detennine elevations; and northing and easting locations of the steep embankment area near 

sampling location SBOS and Tributary 2 relative to a site benchmark established at the SL&SF 

railroad crossing on Refinery Road. It was anticipated that cross-sectional views of the former 

tank berm and Tributary 2 stream bank would be required to evaluate the probable migration of 

hydrocarbon contamination in SBOS toward the stream. However, no contaminants were 

detected in the second phase soil borings designed to assess the expected subsurface migration 

pathway, and no further topographical evaluation is required in this viciility. 

3-4 



Table 3-1 

SUMMARY OF THE NUMBER OF SAMPLES COLLECTED 
WILCOX REFINERY 

BRISTOW. OKLAHOMA 

Depth Range 
Medium (inches, feet-bgs) Number of Samples 

Phase 1 . 

Geoprobe™ Soil 0 to 15 feet 28 

Soil Duplicate 0 to 15 feet 3 

Ground Water (GW) 2 to 16 feet 5 

GW Duplicate 7 to 8 feet I 

Sediment 0 to 3 inches 2 

Trip Blank NA 2 

. 

Phase 2 

Slam-bar Soil 0 to 3feet 16 

Soil Duplicate 0 to 3 feet l 

JMC® Boring Soil 2 to 12 feet l l 

Soil Duplicate 2 to 12 feet 2 

Ground Water 6 to 8 feet 3 

Surface Water (SW) NA 4 

SW Duplicate NA l 

Trip Blank NA 2 

TOTAL 81 

Key: 

bgs below ground surface 
NA Not applicable 

06 :000608 _KJ06 _ 04 _ 00_ 00-DTI 221 
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Date(s) Sampled 

4/27 - 6/4/98 

6/1 - 6/3/98 

6/1 - 6/3/98 

6/3/98 

. 

4/28/98 

612 - 6/3/98 
.. 

8/4- 8/6/98 

8/6/98 

8/4 - 8/6/98 

8/5 - 8/6/98 

8/5 - 8/6/98 

8/4 - 8/6/98 

8/5/98 

8/4 - 8/6/98 



Table 3-2 

SUMMARY OF THE ANALYTICAL PROGRAM 
WILCOX REFINERY. BRISTOW. OKLAHOMA 

Number of BTEX(bi TPH"' PAHs(dJ 

Medium Samples<aJ 8021B Mod. 1005 8310 

Soil 61 x x x 

Ground Water 9 x X* 

Surface Water 5 x x 

Sediment 2 x x x 

Trip Blank 4 x ; 

TOTAL 81 

Key: 

a -
b 
c -
d -

Includes all media, duplicat~s. and field quality control samples collected 
Benzene, toluene, ethylbenzene, and xylenes by GC Method 8021B Modified 
Total petroleum hydrocarbons by GC Method !005 per TNRCC 

e -
f 
• 

Polycyclic aromatic hydrocarbons by HPLC Method 831 O 
23 metals by ICP Method 60IOB 
Hydrogen ion concentration expressed in negative log units by Method 9045C 
TPH was not analyzed in ~ample GW08 due to low sample volume 

06 :000608 _KJ06 _ 04 _ 00 _ 00-DTl 221 
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MetaJsl'J pH'" 
6010B 9045C 

x x 

x x 
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Tablt:3-3 

SOIL BORING PARAMETERS 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

Soil Boring Total Depth Depth to Bedrock 

Number (feet) Depth to Water (feet) (feet) Field Observation of Contamination 

SB-X 6.0 o.o• 6.0 None observed 

SB-I IJ.O- o.o• 11.0 Black stainine: wilh stroa2 ..........,leum odor noted from 0.0 to IO feet be:s 

SB-2 2.1 Not encountered 1.1 Nooe observed 

SB-3 1.5 Not encountered 1.5 None observed 

SB-4 5.0 Not encountered 5.0 Trace dark petroleum suiniae: with slie:ht pclroleum odor at 4-feet b1rn 

SB-5 20.0 15.5 Not encountered Petroleum odor throue:hout. trace oil nroduct (0-31. slidit stainine: (4-81, sheen on "'"'undwa""' 

SB-0 2.2 Not encountered 2.2 None observed 

SB-7 5.0 Not encountered 5.0 Nooe observed 

SB-8 2.0 Not encountered 20 None observed 

SB-9 2.2 Not encountered 2.0 None observed 

SB-10 4.3 Not encountered 4.0 None-

SB-11 3.0 Not encouoteled 3.0 None observed 

SB-12 9.0 8.9 9.0 None-

SB-13 10.0 8.0 Not encountered Slie:ht to stroncr ..... .rmleum odor noted from 4.0 10 7.5 feet be:s 

SB-14 11.0 4.5 Not encountered Sulfurous. anaerobic deca.v odor throucrhout 

SB-15 3.1 LO 3.1 Fill material dirou~bout. coasistincr of black cindet" or ash 

SB-16 6.5 4.0 6.5 Petroleum odor noted from LI to 6.l feetbl?S 

SB-17 11.5 6.3 Not: encountered Petroleum odor noted from 4.0 to 6.3 feet b2s 

SB-18 13.5 8.0 Not encounteled Old 2asoline odorthroue:hout, ...__.,hasc .....,.,,leum oroduct on l!l"Oundwater 

SB-19 8.0 Not encountered 8.0 Petroleum odor and stainine: noted from 0.0 to 5.2 feet bu 

SB-20 3.0 Not encountered Not encountered None observed 

SB-21 3.0 Not encountered Not encountered None observed 

SB-22 3.0 Nor encountered Not encountered None observed 

SB-23 3.0 Not encountered Not encountered None observed 

SB-24 2.0 Not eocounrered 2.0 Petroleum odor and stainine: noted at 2.0 feel bes 

SB-25 3.0 Not encountered Not encountered None observed 

SB-26 3.0 Not encounlered Not encountered None observed 

SB-27 3.0 Not encountered Not encountered None observed . 

SB-28 2.0 Nol encountered Not encountered None observed 

SB-29 1.0 Not encountered Not encountered None observed 

SB-30 3.0 N 01 encountered Nor encountered Petroleum odor and stainine: noted 0.0 to l feet b2s 

SB-31 J_O Nol encountered Not encountered Petroleum odor and stainine: noted 0.0 to I feet b2s 

SB-32 1.0 Wet lhrou2hout Nol encountered Petroleum odor and sta..ininl!' noted 0.0 to I feet b2s 

SB-33 1.0 Wet lhroul!hout Not encountered Petroleum odor and stainlne noted 0.0 to I feet bes 

SB-34 1.0 Wet throue:hout Not encountered Petroleum odor and stainine noted 0.0 to l feet bes 

SB-35 3.0 Not encountered Not encountered Strone: .......,.,leum odor from 0 to 3 feel b2s 

SB-36 9.0 6.5 Not encountered Slie:ht ociroleum odor noted from 0 to I feet bl!s 

SB-37 9.0 6.5 Not encountered None observed 
-

SB-38 9.0 1.0 ' N 01 encountered None observed 

SB-39 9.0 LO Not encountered None observed 

SB-40 ::-.o 3.5 N 01 encountered None observed 

SB-41 6.0 2.5 Not encountered None observed 

SB-42 '5.0 2.5 Not encountered None observed 

SB-43 9.0 6.5 Nor encountered None observed 

SB-44 60 4.5 Not encountered None observed 

SB-45 9.0 1.0 Not encountered None observed 

:->B-46 i:!.O . '.'\ot encounre.red '.'<oc encoun1ered Strone: oetroleum odor and stai!'Jn!!. from 0.0 to ! 2.0 feet b2s 

Key: 
Boring was comple1ed on April 27. 1998. Due to 4 inches of rainfall on April 26, the ground surface was saturated 

bgs - Below ground surface 
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4 Nature and Extent of Spill Impact 

The nature and extent of the spill impact at Wilcox refinery was assessed using field and 

analytical laboratory datac A summary of analytical results is discussed below by sampling 

media. Table 4-1 presents organic analytical results for sediment and.subsurface soil samples, 

Table 4-2 presents inorganic analytical results for sediment and subsurface soil samples, and 

Table 4-3 presents analytical results for ground water samples. Analytical results for soil are 

reported as milligrams per kilogram (mg/kg), and all ground water data are presented in 

milligrams per liter (mg/L). The complete analytical data package from tbe sampling program at 

Wilcox is presented in Appendix L The overall analytical data quality is assessed in Section 4.6 

and summarized in Table 4-4. A preliminary estimate of the waste quantity on site based on a 

spatial evaluation of the analytical data is presented in Section 4.7, and summarized in Table 4-5. 

The soil, ground water, surface water, and sediment analytical data were reviewed and 

qualified under U.S. EPA data validation guidelines (U.S. EPA 1994a, 1994b). Data qualifiers 

are assigned in the data tables when necessary, to indicate that caution should be exercised when 

using these results. The significance of detected analyte concentrations for each medium is 

evaluated in Section 4.6, based on compa..rison with selected chemical-specific regulatory criteria. 

For data presentation purposes, only site data greater than regulatory screening levels to be 

considered (TBC) materials for any organic sample (Table 5-1) or '20 times' toxicity 

characteristic leaching procedure (TCLP) inorganic criteria (Table 5-2), are presented. Further 

discussion of organic and inorganic TBCs can be found in Section 5. 

4.1 Soil Analytical Results 

A total of 55 soil samples were collected from 46 soil borings and analyzed for BTEX 

compounds, TPH, and PAHs (organics); and for metals and pH (inorganics). The soil sampling 

results are presented below for each type of analysis. 
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4.1.1 Organics 

Twenty-five organic compounds were detected in site soil, including all four BTEX 

compounds: benzene, toluene, ethylbenzene, and xylenes (Table 4-2). Of these compounds, 

xylenes (total) was detected most frequently (12 of 55 samples). Ethylbenzene and toluene were 

each detected in 11 of 55 samples, and benzene was detected in seven of 55 samples. The areal 

distribution of BTEX compounds in soil at concentrations greater than screening levels is shown 

in Figure 4-1. The maximum detected benzene concentration is 2.2 mg/kg from SB 16 at 5 to 6 

feet bgs. The maximum detected concentrations for ethylbenzene (670 mg/kg), toluene (410 

mg/kg), and xyle~es (2,700 mg/kg) were from SBOl at 0 to 0.5 feet bgs. 

Seventeen of 18 P AHs analyzed for were detected, with acenaphthylene not detected. 

Phenanthrene was detected most frequently, it was present in 26 of 55 samples. Benzo(a)

anthracene was detected 23 times, and benzo(b)fluoranthene and detected 21 times (Table 4-1). 

The areal distribution of P AHs in soil at concentrations greater than screening levels is shown in 

Figure 4-1. The maximum concentrations for all P AHs detected occurred in SB 15 at O to 1 foot 

bgs. Elevated concentrations of most PAHs were also noted in SB34 at 0 to l foot bgs. 

Total petroleum hydrocarbons (TPH) were detected in 15 of 55 samples (Table 4-1). 

The areal distribution of TPH in soil at concentrations greater than screening levels is shown in 

Figure 4-1. The maximum detected TPH concentration is 280,000 mg/kg in SB 15 at 0 to 1 foot 

bgs. Elevated concentrations of TPH were also noted at soil boring locations SBO 1, SB05, SB 14, 

SB16, SB17, SB18, SB19, SB20, SB24, SB33, and SB34. Elevated BTEX and PAH results 

often occur significantly at locations with elevated TPH concentrations. 

4.1.2 lnorganics 

Metals are naturally occurring elements in soils. For screening the significance of 

results, metal concentrations detected in on-site soil samples were compared to a factor of "20 

times TCLP criteria" based on the extraction methodology of the toxicity characteristic leaching 

procedure (TCLP) (40 CFR 261). For presentation purposes, metal concentrations exceeding the 

TCLP based screening factor are highlighted in Table 4-2, and presented spatially in Figure 4-2. 

Twenty-one of the 23 metals analyzed were detected in site soil, four of which were 

detected in all 55 samples analyzed (aluminum, calcium, iron, and manganese). Barium, 

chromium, potassium, and zinc were each detected in 54 samples. Based on lead as the key 

indicator metal of concern at refinery sites. the maximum lead concentration is 15,200 mgfiCg in 

sample SB35 at 0 to 3 feet bgs in Pond 2. Elevated lead concentrations are also present 
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throughout the Tributary 1 stream bed: however, the maximum concentration along this pathway, 

1.,960 mg/kg, occurs in the off-site, upstream sample at SB20, from 0 to 3 feet bgs. This 

indicates that upstream sources on the Ohio Oil refinery site and multiple on-site sources (figure 

2-4) may have contributed to documented lead impacts in the Tributary 1 stream channel on the 

Wilcox site (Figure 4-2). 

Soil pH is a measure of acidity and an indicator of unnatural site conditions. Refinery 

wastes can be extremely acidic due to the presence of sulfur compounds, and oil field brines and 

drilling muds are typically caustic. A neutral pH is 7, with extreme acid conditions being less 

than 2, and elevated caustic conditions greater than 12. The results from pH testing of soil 

samples are presented in Table 4-2. A total of seven soil samples from different borings have a 

pH less than 4, with no pH results greater than 10. The two lowest values, 2.3 in SBOS at 1 to 2 

feet bgs, and 2.8 in SB 10 at 3 to 4 feet bgs, appear to be unnaturally acidic conditions. Potential 

sources exist upgradient at each location: the "Oily Waste Pit" near SBOS, and backfilled ponds 

beneath and south of the  residence near SBlO (see Figures 2-4 and 3-1). 

4.2 Ground Water Analytical Results 

A total of eight ground water samples and one duplicate were collected where ground 

water was encountered in soil borings, and analyzed for BTEX compounds and TPH. The 

ground water sampling results are presented below for each type of analysis. 

4.2.1 Benzene, Toluene, Ethylbenzene, and Xylenes 

A summary of BTEX compounds detected in ground water samples at the Wilcox site is 

presented in Table 4-3, and the areal distribution of contamination is depicted in Figure 4-3. 

Ethylbenzene was detected most often, in five of eight samples. Xylenes are present in four 

samples, benzene was detected in two samples, and toluene was detected in one of the eight 

samples. The maximum detected concentrations of benzene (8.9 mg/L), ethylbenzene 

(3.3 mg/L), and xylenes (9.1 mg/L) were in sample GWS from SB 18 near the fenced Sun Oil 

Company property. Note that a thin petroleum product layer was observed in this sample vial. 

4.2.2 Total Petroleum Hydrocarbons 

A summary of TPH carbon ranges detected in ground water samples at the Wilcox site is 

presented in Table 4-3, and the areal distribution of contamination is depicted in Figure 4-3. 

TPH was not analyzed in sample GW8 due to the low sample volume present. TPH in both the 

gasoline carbon range (C6-C10) and kerosene/diesel/lube oil carbon range (Cl0-C28) was 
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detected in samples GWl, GW2, and GW5. The maximum detected concentrations of C6-CIO 

hydrocarbons (3,300 mg/L), and Cl0-C28 hydrocarbons (5,900 mg/L), were in sample GW5 

from SB 18, coinciding with the maximum detections of BTEX compounds. The elevated 

concentration of TPH in GW 4 at SB 17 is also significant because of its location in the fenced 

yard of the  residence (Figure 4-3). 

4.3 Surface Water Analytical Results 

A total of four surface water samples that were most representative of upstream versus 

downstream conditions were collected from available locations in Tributaries 1 and 2. Due to 

low flow conditions, samples could only be obtained from  Pond on Tributary 1, and 

isolated pools in Tributary 2. Each sample was analyzed for BTEX compounds and TPH, 

No BTEX compounds or TPH were detected in site surface water samples. Detection 

limits and the analytical data package are presented in Appendix I. 

4.4 Sediment Analytical Results 

Two sediment samples were collected to assess the potential for contaminant migration 

from Pond 2 to Sand Creek via the surface water runoff pathway. The sediment samples were 

analyzed for BTEX compounds, TPH, and PAHs (organics) and for metals and pH (inorganics). 

It should be noted that the subsurface soil samples identified as SB20 to SB34 were collected 

from the dry creek bed of Tributary 1, and should be considered along with all sediment data in 

the evaluation of site impacts to the surface water migration pathway, and waters of the United 

States. The sediment sampling results from samples SEDl 1 and SED12 are presented below for 

each type of analysis. 

4.4.1 Organics 

No BTEX compounds or TPH were detected in site sediment samples. Detection limits 

are specified in Table 4-1 and in the analytical data package, presented in Appendix I. 

Seven of 18 PAHs analyzed for were detected in site sediment. Benzo(a)anthracene, 

benzo(a)pyrene, and pyrene were detected in each sample; and benzo(b)flouranthene, chrysene, 

fluoranthene. and phenanthrene were each detected once (Table 4-i). The highest level of PAH 

detected was pyrene, which was detected in SEDll at 0.41 mg/kg and in SED12 at 0.12 mg/kg. 

No pattern in the concentration of PAHs in the upstream (SED12) versus the downstream 

(SED 11) sample could be discerned. 

06 :000608_K.106 _ 04 _ 00 _ 00-DTI 221 
SAR WPD-3130199-RA 4-4 

(b) (6)

(b) (6)



4.4.2 lnorganics 

Metals are naturally occurring elements in sediment. Antimony, beryllium, cadmium, 

mercury, selenium, silver, and thallium were not detected in the site samples. The analytical 

results for metals detected in sediment samples are summarized in Table 4-2. Fifteen of the 23 

metals analyzed for were detected in site sediment, 13 of which were detected in both samples 

analyzed. Based on lead as the key indicator metal of concern at refinery sites, the 

concentrations of lead in sediment are 32.4 mg/kg in SEDl 1 at Sand Creek, and 16.7 mg/kg in 

SED12 at Pond 2. As a reference, these concentrations are significantly lower than the maximum 

lead concentration for the Wilcox site (15,200 mg/kg), which was collected upstream in Pond 2 

soil at SB35 (see Section 4.1.2). The sediment samples from the Pond 2 flow path do not show 

elevated concentrations from Pond 2 metals contamination. There was 110 discernable pattern in 

the concentration of metals in the upstream (SED12) versns the downstream (SEDl 1) sample. 

The pH result of 7 .1 for each sediment sample is neutral with respect to acidic or basic 

site conditions. By comparison, subsurface soil samples collected from Pond 2 have pH levels of 

5.1and6.2. 

4.5 HAZCAT Result 

One sample of a solid waste from the unvegetated area on the  property was 

subjected to HAZCAT field testing. No other waste sources were deemed appropriate for testing 

due to the oily nature of the matrices or adequate waste characterization from the ESI sampling 

program. 

The following list indicates the qualitative HAZCAT test tube results for the waste 

sample: 

• Sample Description: grey, granular, solid waste, fertilizer-type odor, 

• Specific Gravity: >1, 

• Water Reactivity: Negative, 

• Solubility: Sparingly soluble, 

• pH: 5.5, 

• Presence of Oxidizers: Negative, 

• Sulfide: Not Applicable if pH <7, 

• Cyanide: Not Applicable if pH <7, 
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• Chlorinated Hydrocarbons - Copper Wire Test: Negative. 

• Chlorinated Hydrocarbons - PCB Test Kit: Positive, greater than 50 ppm, and 

• Flammability: Negative, 

The only significant positive result from the HAZCAT testing was from the 

polychlorinated biphenyl (PCB) test kit. A previous sample taken from the unvegetated area 

during the ESI revealed non-detects for all EPA target analyte list (TAL) pesticides and PCBs. 

This positive HAZCAT test result for PCBs appears to be a false positive result due to the 

following possible interferences identified in the field test kit manufacturer's instructions: excess 

moisture, inorganic chlorides, or the presence of other chlorinated organic compounds (i.e., 

solvents, pesticides). 

4.6 Data Quality Assessment 

Data quality assessment is a qualitative and quantitative review performed on the 

analytical results generated from the site sampling program to establish the usability of the data. 

Initially, all START laboratory data were validated and qualified according to EPA data review 

procedures (U.S. EPA 1994a, 1994b). Data qualifiers are presented in the appropriate data tables 

in this section and explained in detail in the data validation reports in Appendix J. Quality of the 

validated data was assessed in terms of precision, accuracy, representativeness, comparability, 

and completeness rPARCC) parameters, in accordance with EPA guidance (U.S. EPA 1990). A 

summary of the methodology and results from the evaluation of each PARCC parameter is 

presented below. and summarized in Appendix J. 

4.6.1 Precision 

Precision is a quantitative measure of the variability between duplicate samples. 

Precision is expressed as the relative percent difference (RPD) in concentration between 

duplicate pairs of field duplicates, matrix spikes (MS), and laboratory duplicates. 

Although some precision data results are outside QC criteria. the overall usability of the 

qualified data is not compromised. The instances wheie data piecision did riot meet QC criteria 

are attributable to interferents in the matrix, high concentrations of target compounds, or 

relatively few data points to determine correlations and conclusions. 
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4.6.2 Accuracy 

Accuracy is a quantitative measure of the recoverability of known amounts ("spikes") of 

target compounds for each analytical method. Accuracy is reported as the percent recovery (%R) 

of the known spike concentration minus the original sample result for MS, surrogate recoveries, 

and laboratory control samples (LCS). 

Data for five metals (antimony, beryllium, arsenic, cadmium, and cobalt) in 10 samples 

were unusable (R) due to poor recoveries in one MS sample. Post spike recoveries were 

acceptable, indicating a possible digestion problem in one batch of samples at the laboratory. 

Discretion should be used when evaluating the site impact of these target compounds. With the 

exception of the unusable metals data. the overall usability of the data is acceptable with respect 

to accuracy. Other instances where data fail to meet accuracy QC criteria are considered isolated 

and not indicative of overall poor method performance. 

4.6.3 Representativeness 

Representativeness is a qualitative evaluation of the extent to which the analytical data 

reflect actual site conditions. Acceptable representativeness is achieved by proper sampling and 

sample management procedures. 

The overall usability of the data is acceptable with respect to representativeness. 

Limited qualifications were assigned to the data for calibration or preparation blank 

contaminants, exceedence of serial dilution criteria, and internal standard deficiencies. In 

instances where data qualifiers are applied, some discretion should be used when evaluating 

potential site impacts of the data. 

4.6.4 Comparability 

Comparability is a qualitative parameter that expresses the confidence with which one 

data set can be compared to another. Analytical comparability is considered acceptable for this 

investigation because: 

• The investigation consistently utilized the same analytical laboratory, sample 
preparation routine, and analytical methods (within each phase of work); 

• The analytical results for each analysis are reported with consistent detection limits 
and units of measure; and 

• Soil/sediment results are reported on a dry weight basis, allowing for comparison 
between sa.Inples and with regulatory criteria. 

recvc,ec oaper 
06:oo0668:~KJQ'6B"f4~0Q_OO-DT1221 
SAR.WPD-3/30/99-RA 4-7 



4.6.5 Completeness 

Completeness is a measure of the amount of usable data resulting from the analytical 

program at the site. Analytical completeness is defined as the percentage of acceptable data 

points. Only unusable data (qualified "R" during data validation) is excluded when assessing 

compliance with the completeness goal of 90% (U.S. EPA 1990). Completeness is calculated per 

analytical method, bnt is also evaluated by individual analyte per matrix in Table 4-4. 

For the Wilcox refinery site assessment data set, the analytical completeness for BTEX 

and P AH testing is 100%. A total of 55 metals data points were dete_rmined to be unusable due 

to laboratory data quality problems, resulting in an overall acceptable completeness of 96%. 

However, antimony, arsenic, beryllium, cadmium, and cobalt in soil did not meet the 

completeness goal of 90% and care should be used_ when assessing the impact of these individual 

metals at the site (Table 4-4). 

One TPH in water sample was proposed but not analyzed due to low sample volume, 

resulting in an overall method completeness of 98.5%. However, TPH ill water did not meet the 

completeness goal of 90% and care should be taken when evaluating this data set. 

A summary of the quantitative data quality assessment criteria used to evaluate site data 

(i.e., precision, accuracy, representativeness, and completeness) and a comparison with acrual 

data quality achieved for the project is presented in Appendix J. 

4.7 Waste Quantity 

During planning of the sampling program for this investigation, a list of potential waste 

source areas was developed based on the results of the previous ESI, and from START visual 

observations during initial site visits. Then, from the analytical results in each source area, and 

with the interpretation of source-specific soil boring logs and reasonable assumptions, the 

volume of contaminated material in each source area was estimated. A summary list of waste 

sources and estimated waste quantities is presented in Table 4-5. At this time, it is estimated that 

a minimum of approximately 73.000 cubic yards of solid waste (contaminated soil, coking 

cinders waste, tarry waste, etc.), and 2,960 gallons of liquid waste (tank bottom sludge, oily 

liquid, and product in existing ASTs) exists at the Wilcox site. 

The liquid waste volume referred to in the last Table 4-5 entry for the 'Lower reaches of 

Tributary l,' is for a brown, degraded, oily liquid entering Tributary l via a buried pipeline from 

the property. During the low flow conditions observed on August 5, 1998, the volume of 

flow was estimated at less than 1 gallon per minute. Historical effects from this and other 

sources have visibly stained the stream bed black for at least 250 feet downstream. During this 
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dry period, no flow from Tributary 1 entered Sand Creek, approximately 300 feet south of the 

pipeline source. Note that the source inventory may be incomplete, the estimated waste quantity 

at some identified potential source areas remains unknown, and the liquid waste quantity does 

not include known areas of contaminated, shallow ground water at the site. 
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Snmplc Loc11liou SEDll SEDl2 

Depth (ft) 0-1 0-1 

Analyte 

Volatiles (llTEX) - mg/kg 

I3cnzcne <0.00075 <O 00074 

Ethylhenzenc <0.00088 <O 0011 

Toluene <0.001 I <0.00086 

Xyk11c (tn!;d) <0.0025 •.() 0025 

Srmi-Vol:itilrs (l'Alls) - 111~/I•!-: 

l\Ct'11'1phthl'l1C <O 25 <0.25 

J\n:n;1pl1ll1vll'1W <0.25 <0_25 

Anthraccne <0.025 <O 025 
f-· 
Bcn~n( a )anthraccnc 0.049 0.033 

1.knn\{h )Jluoranthl.'lll.' <0_025 0.095 

Bl.'nzo(k )!luoranthene <O 025 <0.025 

Benzo(a)pyrene 0.041 0.041 

Benzo( ghi)pel)'!ene <O 062 <0.062 

Chrysenc .0.064 <O 025 
-

Dihenzo( aJ1 )anthrncene <0.062 <0.062 

Fluoranthene 0.089 <0.062 

F!uorenc <0_025 <0.025 

lmklHll I .2 .3 -n!)pYH'llC <0.025 <...() 025 

1-tvkthylnaphthalcnc <0.25 <0.25 

2-f\-lcthy!naphthaknc <0.25 <0.25 

Naphtf1•1ll·rw <0.25 <0_25 

Phcri•inthrcnc 0.040 <0.025 

Pyrene 0.410 0.12 

TPll - mg/kg 

C6 - CJO Hydrocarbons <JI <JI 

>Cl0-C28 Hydrocarbons <31 <31 

TPI-I C6 - C28 Hydrocarbons <62 <62 

Key nl end of table 
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ORG.\i\IC ANALYTICAL RESULTS IN SED1~1ENT AND SOIL 
WILCOX REFINERY. BRISTOW. OKLAHOMA 

SHOI SDOI SB02 SB03 

0-0.5 I0-11 1-2 1.5-2 

<4.3 0.017 <O 0021 <0.002·1 

- i 0.25 <O 0021 <0.0021 . 
0.23 <0.0021 <0.0021 ' 

1' 2;600': ,_]i',1~·1 0.76 <0.0021 <0.0021 

<2.2 <0.24 <0.21 <0.21 

<2.2 <0.24 <0.21 <0.21 

<0.22 <0.024 <0.021 <0.021 

0.57 <0.024 <0.021 <0.021 

NJ ...... ,,,1,.-,, <0.024 <0.021 <0.021 

0.35 <0.024 <0.021 <0.021 
.. ' <0.024 <0.021 <0.021 

<0.54 <0.060 <0.053 <0.053 

• <0.024 <0021 <0.021 

<0.54 <0.060 <0.053 <0.053 

,,""-

-1t:~ 0.073 <0053 <0.053 

<0.22 <0.024 <0.021 <0.021 

··0.22 <0Jl24 <0.021 <0Jl21 

<2.2 <0.24 <0.21 <0.21 

' 0.34 <0.21 <0.21 

<2.2 <0.24 <O 21 <0.21 

- 0.052 <0.021 <-0.021 

0.14 <0.053 <0.053 
" 

2,600 370 <53 <53 

1,500 120 <5J <53 - <5J <5J . 

SD04 SOOS Sll05 

4-5 1-2 4-5 

<O 0021 <O 0023 0.040 

<O 0021 <0.0023 0.84 

<0.0021 0.034 0.018 

<0.0021 <0.0023 I.I 

<0.21 <I.I <2.5 

<0.21 <I. I <2.5 

<0.021 <0.11 <0:25 

<0.021 0.14 0.67 

<0.021 0.080 JK 0.25 

<0.021 0.091 JK 0.17 JK 

<0.021 0.11 0.20 JK 

<0.053 <0.28 <0.62 

<0.021 <0.11 <O 25 

<0.053 <0.28 <0.62 

<0053 0.35 2.5 

<0.021 <0.11 <0.25 

<0.(l21 <0.11 <O 25 

<0.21 <I.I ••• 
<0.21 <I. I 5.3 

<0.21 <I.I <2.5 

<0.021 <0.11 1.2 

<0.053 <0.28 <0.62 

<5J <57 700 

<53 <57 2,600 
,, ' 

<5J <57 i 
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Sample Loni!ion 

Depth i_f'I) 

Analyte 

Volatiles (OTEX) - mg/kg 

Benzene 

Ethyl benzene 

Toluene 

Xylene (total) 

Sl·mi-\'olatiles (PAii~)- mg/kg 

ACL'J1:1phthl'llC 

J\ Cl'1laphl l1ylc11c 

Anthraccnc 

I lcn10( a ):inthrnt'elH' 

!Jcnzn( b )fl uoranthenc 

Benzo(k )11unrnnthene 

Bcnzo( a )pyrene 

Bcnzo(ghi)perylene 

Chtysene 

Dihenzo(a,h)anthrucene _ 

Fluoranthene 

Fluorene 

I ndeno( 1,2,3-cd)pyrene 

I -Methylnaphtha!ene 

2- r...1e1hyl 11aph1 halcne 

Naphth::iknc 

l'henanthrcnc 

Pyrene 

TPll - mg/kg 

C6 • ClO Hydrocarbons 

>CID - C28 Hydrocarbons 

TPH C6 - C::!8 Hydrocarbons 

Key at end of table. 

nr,"""'·"" v1n1, 0.1 nn n1111r1001 

SHOS SH06 

14-15 1-2 

0.0043 <O 0023 

0.023 <0.0023 

<0.0024 <0.0023 

0.078 <0.0023 

. 

<1.2 <0.23 

< 1.2 <() 2.3 

<0.12 <0.023 

0.4J 11.015 .Jh'. 

0.15 .JK 0.025 

0.12 JK <0.023 

0.15 0.031 

<030 0.028 JK 

·, 0.13 JK 0.025 

<0_30 <0.057 

L5JK 0.066 

0.12 <O 023 

<0.12 <0.023 

1.8 <0.23 

2.3 <() 23 

<1.2 <() 23 

0.74 0.031 

<0-30 <0.057 

260 <57 

730 <57 .. 
<57 

Table 4-1 (cont.) 

()IH;.\NI(' ANALYTICAi, l~ESlll:rs IN SEDll\1ENT AND SOii. 
WILCOX REFINERY. HRISTO\V, OKLAHOl\1A 

SB07 SB07D SBOB SB09 SBIO SBll SBl2 
4-5 4.5 1-2 1-2 3.4 2-3 1-2 

.. 
<D 0023 <0.0022 <0.0022 <0.0023 <O 0022 <0.0024 <0.0023 

<O 0023 <0.0022 <0.0022 <0.0023 <0.0022 <0.0024 <0.0023 

<0.0023 <0.0022 <0.0022 <0.0023 . <0.0022 <0.0024 <0.0023 

<0.0023 <0.0022 <0.0022 <0.0023 <0.0022 <0.0024 <0.0023 

<() 23 <0.22 <0.22 <0.23 <0.22 <0.24 <0.23 

' () 23 <0.22 <0.22 <0.23 <O 22 <0.24 <0.23 

·<0.023 <0.022 <0.022 <0.023 <0.022 <0.024 <0.023 

·-0 02 _l O.OJI <0.022 0.039 <0.022 1Ut72 <(l.(J23 

<0.023 0.064 <0.022 0 .. 016 JK <0.022 0.088 <0.023 

<0_023 0.017 JI{ <0.022 0.024 <0.022 0.059 <0.023 

<0.023 0.67 <0.022 0.044 <0.022 O.J 1 <0.023 

<0.057 <0.056 <0.054 <0057 <0.056 0.039 JK <0.057 

<0.023 <0.022 <0.022 0.056 <0.022 0.12 . <0.023 

<0.057 <0.056 <0.054 <0.057 <0.056 <0.059 <0.057 

<0.057 <0.056 <0.054 0.061 <0.056 0.14 <0.057 

<0.023 <0.022 <0.022 <0.023 <0.022 <0.024 <0.023 

<0.023 <0.022 <0.022 <0.023 <0.022 0.028 <0.023 

<0.23 <0.22 <0.22 <0.23 <0.22 <0.24 <0.23 

.;(l 13 <0.22 <0_22 <0.23 <0_21 <0.24 <() 2.1 

<O 23 <0.22 <0.22 <0.23 <0.22 <0.24 <0.23 

-..() 023 <0.022 <0.022 0.068 <0.022 0.042 <0.023 

<0.057 0.084 <0.054 <0.057 <0.056 0.12 <0.057 

<57 <56 <54 <57 <56 <59 <57 

. <57 <56 <54 <57 <56 <59 <57 

<57 <56 <54 <57 <56 <59 <57 



Sample Location SB12 SB13 

llepth (fl) 8-9 1-2 
------· -· 
A11alyte 

Volatiles (BTl•:X) - mg/kg 

Benzene <0.0023 <O 0022 
-

Ethyl benzene <0.0023 <0.0022 
-

Toluene <0.0023 <0.0022 

Xylene (tot::il) <O 0023 <0.0022 

Semi-Volatiles {PA.lls)- mg/kg 

Accnaphthcne <O 23 <0.22 

Accnaphthylene <0.23 <0.22 

Anthraccne <0.023 <0.022 

Ocnzo( ri ):inthr;iccne <0.023 0.021 .IK 

lkn1(i(b)l111<11 ;mthc1a: <. () 021 0.0S6 
·-----
lk1111i{k )ll1101;11\1hl·11c <..{).(l2J 0.0IH .IK 

Iknt(l(a)pyrcne <0.023 0.074 

lk1wn(ghi )pcrylcnc <0.058 0.0~ .JK 

Chrysene '1';0.023 Q.043 

Dibenzo(a,h)anthracene <0.058 <0.056 

Fluoranthene <0.058 0.076 -
Fluorene <0.023 <0.022 
-· 

lndeno( 1,2,3-cd)pyrene <0.023 0.027 

l-Nlethylnaphthal~1e <0.23 <0.22 

2· ~vfcthy!nllphthalene <0.23 <0.22 

Naph!ha!ene <0.23 <0.22 

Phenanthrene <0.023 0.038 

Pyrene . <0.058 <0.056 

Trll - mg/kg 

('6 - (' ! 0 I lyJrocarbons <..58 <56 

>CI 0 - C28 Hydrocarbons <58 <56 
-

TPH C6 - C28 Hydrocarbons <58 <56 

Key at end of table. 
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Table 4-1 (cont.) 

OH<; .. \1"1jJC ANALYTICAL RESULTS IN SEDIJ\1ENT AND SOIL 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

SB13 SB13D SB14 SB14 

6.5-7.5 6.5-7.5 1-2 5-6 

<0.012 <0.011 <0.011 <0.09 

<0.012 0.023 <0.011 <0.11 

<0.012 <0.011 <0.011 0.26 

0.013 0.091 <0.011 <0.30 

<0.23 <0.23 <0.23 <0.24 

<0.23 <0.23 <0.23 <0.24 

<0.023 <0.023 <0.023 <0.024 

<0.023 <0.023 0.10 0.012 .IK 

<() 023 ·<0 023 O.OOHH .Jh'. <0.02·t 

-·o 02J <..() 023 ..:() 023 -..0024 

<0.023 <0.023 <0.023 <0.024 

<O 058 <0.057 <0.057 <0.06 

<0.023 <0.023 <0.023 <0.024 

<0058 <0.057 <0.057 <0.06 

<0.058 <0.057 0.65 <0.06 

<0.023 <0.023 <0.023 <0.024 

<0.023 <0.023 <0.023 <0.024 

<0.23 <0.23 <0.23 0.24 

<0.23 <0.23 2.3 <0.24 

<0.23 <0.23 <0.23 <0.24 

<0.023 <0.023 0.092 <0.072 
. 

<0.058 <0.057 <0.057 <0.06 

<58 <57 <57 <60 

<58 <57 100 170 

<58 <57 

SB15 SB16 SB17 

0-1 5-6 1-2 

0.31 ~ <0.0022 

0.95 1.6JH <0.0022 

0.65 3.0JH . <0.0022 

9.8 3.SJH <0.0022 

<2500 <12 <0.22 

<2500 <12 <0.22 
;'> 

1.5 <0.022 

" 
3.0 0.0049 .JK 

al ~-- 0.72 .IK <0.022 

'· ' 8Q)1~ ·j\~ 1.2 .IK -:() 022 

2 ! 2.0 0.037 

<620 <3.0 <0.056 _.. I 
<1.2 <0.022 

<620 <3.0 <0.056 

16 <0.056 . 
3.5 <0.022 

<250 <1.2 <0.022 

<2.500 17 <0.22 -i ' 28 <0.22 

<2500 <12 <0.22 

12 <0.067 

) 3.6 <0.056 

8,600 350 <56 

270,000 2,100' <56 

<56 



f 
Sample Location 

Depth (ft) 

Analyle 

Volatiles (HTEX) - mg/kg 

lkntl'!W 

1:1hylhcnzcnc 

Toluene 

Xylene (total) 

Semi-Volatiles (PAHs) - mg/kg 

Accnaphthene 

Acenaphthy!ene 

Anthracene 

Benzo(a )anthracene 

Benzo(b )tl uoranthene 

Benzo( a )pyrcnc 

ill'll?n( gh i)peryl~'.tlC 

Chrysciw 

Dibenzo( a,h )anthrncene 

F!uoranthcne 

Fluorene 

fndcno( 1,2,3-cd)pyrene 

1-Methylnaphthalene 

2-Methylnaphthalene 

Naphthalene 

Phenanthrene 

Pyrcne 

TPll - mg/kg 

('6 - CI 0 l lyJrocarbons 

··(' 10 - C28 llydrocarbons 

TPI I C6 - C28 J lydrocurbons 

Key at end of table 

06:000608 KJ06 04 00 00-J)"f 122 l 

SBl7D 
1-2 

<'() 0022 

<0.0022 

<0.0022 

<O 0022 

<0.22 

<0.22 

<0.022 

<0022 

<0.022 

.:{) 022 

<0022 

<:0056 

<0.022 

<0.056 

<0.056 

<0.022 

<0.022 

<0.22 

<0.22 ; 

<0.22 

<0.067 

<O 056 

<56 

<56 

<56 

SB17 
5.5-6.5 

0.13 

4.0 

2.8 

15 

0.78 

<0.23 

<0.023 

0.049 

<0.023 

<0.023 

<0.057 

<0.023 

<0.057 

0.11 

0.048 

<0.023 

0.52 

0.69 

0.59 

0.074 

<0.057 

750 

3!0 

Table 4-1 (cont.) 

ORGANIC ANALYTICAL RESULTS IN SEDll\IENT AND SOIL 
WILCOX REFINERY BRISTOW OKLAHOMA 

SBl8 SBl8 SBl9 SB19 

1-2 

•"0086 

1.4 

0.24 

0.89 

<0.23 

<0.23 

<0.023 

0.033 

0.0066 .JK 

• (l.(l2J 

0.026 

<0.057 

<0.023 

<0.057 

0.28 

0.044 

<0.023 

<0.23 

0.41 

<0.23 

0.18 

0.13 

<57 

<57 

<57 

7-8 

11.36 

7.9 

0.39 

8.9 

<4.7 

<4.7 

0.54 

0.45JK 

<0.47 

<0.'17 

<0.47 

<1.2 

<0.47 

<1.2 

5.4 

1.4 

<0.47 

13 

16 

<4.7 

4.4 

2.2 

550 

440 

1-2 7-8 

<0.0022 <O 0023 

0.017Jll <0.0023 

0.0093 JH <O 0023 

0.061 JH <0.0023 

<22 <0.23 

<22 <0.23 

<2.2 <0.023 

2.8 0.012JK 

0.73 JK <0.023 

<2.2 .:()023 

1.2 JK <0.023 

<5.6 <0.057 

<2.2 <0.023 

<5.6 <0.057 

<5.6 <0.057 

<2.2 <0.023 

<2.2 <0.023 

<22 <0.23 

<22 <0.23 

<22 <0.23 

<6.7 <0.068 

<5.6 <0.057 

200 <57 

3,400 <57 

<57 

8820 
0-3 

<0.0054 JL 

<0.0054 JL 

<0.0054 JL 

<0.0054 JL 

<0.36 

<0.36 

<0.36 

<0.36 

<0.36 

<0.36 

<0.36 

<0.36 

<0.36 

<0.36 

<0.36 

<0.36 

NA 

NA 

<0.36 JK 

<0.36 

<0.36 

SB21 
0-3 

<0.0051 

<0.0051 

<0.0051 

<0.0051 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

<0.34 

NA 

NA 

<0.34 JK 

<0.34 

<0.34 

<51.l 

<51.1 

NR 

SB22 
0-3 

<0.0053 

<0.0053 

<0.0053 

<0.0053 

<0.35 

<0.35 

<0.35 

<0.35 

<0.35 

<O.J5 

<0.35 

<0.35 

<0.35 

<0.35 

<0.35 

<0.35 

<0.35 

NA 

NA 

<0.35 JK 

<0.35 

<0.35 

<52.8 

<52.8 

NR 



T1thlc 4-1 (cont.) 

Ol!C.\NIC ANALYTICAi. RESULTS IN SEDIMENT ANIJ SOii. 
WILCOX REFINERY. BRISTOW. OKLAHOMA cm pie Location SB23 SB24 SB25 SB26 SB27 SB28 SB29 SB30 SB31 

Depth (ft) 0-3 0-2 0-3 0-2 0-3 0-2 0-1 0-3 0-3 

Analyte . 

Volalile~ {HTEX) - mg/kg 

Lk111.cne <0005lJL <O 0058 JL <OOOSIJL <0.0051 JL <0.0052 <0.0052 JL <0.0051 <O 0056 <0.0059 

Elhylbcnzcnc <O 0051 JL <O 0058 JL • <0.0051 JL <00051 JL <0.0052 <0.0052 JL <0.0051 <0.0056 <O 0059 

!"<11!1Cl1C •.fl OO'i I JL <0.0058 JI. ·flOO'il JI. ·-O 0051 JI. <0.0052 <0.0052 JL <O 005 l <O 0056 <0.0059 

Xylene (luJ,d) <O 0051 JL <O 0058 JI. <0.0051 JL <0.0051 JL <0.0052 <0.0052 JL <0.0051 <0.0056 <0.0059 

Scmi-Yolalilcs (PAil~)- mg/kg 

ACl'naphthc1u: -<..0.34 <.() 39 .::.() 34 ..:..0.34 <3.5 JK <3.5JK <3.4 JK <3.7 JK <·tO JK 

Accn<Jphthy!cnc <0.34 <0.39 <0.34 <0.34 <3.5 JK <3.5 JK <3.4 JK <3.7 JK <4.0 JK -
Anlhraccne <0.34 <0.39 <0.34 <0.34 <3.5 4.9 <3.4 <3.7 <4.0 

Benzo( a )anthracenc 0.38 0.61 0.61 0.30 <3.5 JL <3.5 JL <3.4 JL <3.7 JL <4.0 JL 

Benzolb )nuoranthene 0.26 <0.39 0.52 0.26 0.50JH t.5JH 0.40 JH <3.7 JK <4.0 JK 

13cnzol !.. )n uoranthene <0.34 <0.39 <0.34 <0.34 <3.5 <3.5 JK 0.48 JH <3.7 JK <4.0 JK 

llcr11.o( a)pyrcnc 0.34 <0.39 0.41 0.23 0.57 Jll 2.9 JH 0.75 JI! <3.7JK <4.0 JK 

Bcnzo(ghi )perylene 0.57 <0.39 0.27 0.30 0.54JH I.I JH <3.4 JK <3.7 JK <4.0 JK 

Chryscne 0.85JH <0.39 0.81 JH 0.65JH 1.7 JH 5.4 1.2 <3.7 0.77 

Dibcnzo(a.h )an!hraccne <0.34 <0.39 <0.34 <0.34 <3.5 JK 0.53 JH <3.4 <3.7 JK <4.0 JK 

Fluoran!hcnc <0.34 <0.39 0.85 Jll <0.34 0.40 JH 1.5 0.34 <3.7 <4.0 

FJu,1rcnc <0.34 <0.39 <O 34 <0.34 <3.5 JK <3.5 JK <3.4 <3.7 JK <4.0 JK 

Jrnkmi( !_2,.l-cd)pyrcnc <O 34 <O 39 0.21 <0.34 <3.5 JK O.!\I Jll 0.36 Jll <3.7 JK <4 0 JK 

l-l\1cthy!rwphthalenc NA NA NA NA NA NA NA NA NA 

2-t>.1cthy!naphthalene NA NA NA NA NA NA NA NA NA 

Naphthalene 0.18 JH <0.39 <0.34 JK <0.34 JK <3.5 JK 0.37 JH <3.4 <3.7 JK <4.0 JK -
Phenanthrene 1.5 0.76 1.3 I.I 1.7 JH 4.8 1.5 <3.7 0.70 
~· 

Pyrene 1.2 1.5 1.2 0.72 l.9JH 6.6 1.3 <3.7 0.70 -
TPH - mg/kg 

C6 - CJO Hydrocarbons <51. t <58.4 <50.9 <51.4 <52.6 <52.3 <51.2 <56.l <59.4 

>('I 0 - C28 I lydrocarbons <51.1 . ~ <50.9 <51.4 <52.6 <52.3 <51.2 <56.1 <59.4 

l'PI I C6 - C28 I lydrm:arhon~ NR NR NR NK NK NR NR NR NR 
Key al end of table. 
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[ Sample Location SB32 SB32D 

D•pth (ft) 0-1 0-1 

Analyte 

Volatiles (BTEX) - mg/kg 

Benzene <0.0087 <O 0086 

Ethyl benzene <0.0087 <0.0086 

rohll'llt: <O 0087 <O 0086 

Xylene (total) <O 0087 <O 0086 

Semi-\'olaliles (PAiis)- mg/kg 

Accnaphthene <0.58 <0.58 

1\ce11;irhthyk11c <0.58 <O 58 

Anthrm:cm: <0.58 <0.58 

Bcnzo{a )anthracene <0.58 JL <0.58 JL 

Benzo{ b )11uoranthene <O .)8 <0.58 

Benzo(k )lluoranthene <0.58 <0.58 

lknzo( a )pyrcne <0.58 <0.58 

Bcnzo{ ghi )perylcne <0.58 <0.58 

Chrysene \ <0.58 <0.58 
-· 

Dibenzo( a,h)anthrncene <0.58 <0.58 

Fl11oranthene <0.58 <0.58 

Fhmrcnc <0.58 <0.58 . 
ln<lcno( 1,2,3-cd)pyrcne <0.58 <0.58 

1-Methylnaphtha!ene 
t-· 

NA NA 

2- Mcthylnaphthalenc NA NA 

Naphthalene <0.58 <0.58 

Phenanthrene <0.58 0.31 

Pyrene <0.58 0.29 

TPH - mg/kg 

C6 - CI 0 Hydrocarbons . <87.3 <86.3 -· 
>CJO • C28 Hydrocarbons <87.3 <86.3 

TPH C6 - C28 Hydrocarbons NR NR 

Key at end of table. 
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Table 4-1 (cont.) 

OHG.\NIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

SB33 SB34 SBJS SB36 

0-1 0-1 0-3 6-7 

<O 0064 <0.0064 <0.0057 <00051JL 

<0.0064 0.14 <0.0057 <0.0051 JL 

~o nncd <0.0064 <0.0057 <0.0051 JL 

0.082 <0.0064 <0.0057 <0.005! JL 

. 

<0.43 2.3 <0.38 <0.37 

<0.43 <4.0 <0.38 <0.37 

<O 43 19 <0.38 <0.37 

0.35 JL <4.0 JL <0.38 JL <0.37 

0.29 27JH <0.38 JK <0.37 

<0.43 <4.0 JK <0.38 JK <0.37 

<0.43 . -Ao{ /'lit.~ 1Jft;r" ,' <0.38 <0.37 

0.24 . 12 Jll <0,38 JK <0.37 

1.0 ~ <0.38 JK <0.37 

<0.43 5.4 JH <0.38 JK <0.37 

. <0.43 34 <0.38 <0.37 

<0.43 24 <0.38 <0.37 

<0.43 II Jll <0.38 JK <0.37 

NA NA NA NA 

NA NA NA NA 

<0.43 2.4JH <0.38 <0.37 JK 

0.97 - <0.38 <0.37 

I.I 0.36JH <0.37 
. 

<64.3 <64.6 <57.1 <51.3 

~ <57.l <51.3 

NR NR 

SB37 SB38 SB39 

6-7 0-1 3.4 

<0.0054 JL <0.0060 JL <0.0060 

<0.0054 JL <0.0060 JL <O 0060 

<0.0054 JL <0.0060 JL <0.0060 
. 

<0.0054 JL <0.0060 JL <0.0060 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 JL 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 ' 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

NA NA NA 

NA NA NA 

<0.36 JK <0.40 JK <0.39 JK 

<0.36 <0.40 <0.39 

<0.36 <0.40 <0.39 

<53.6 <59.7 <60.0 

<53.6 <59.7 <60.0 

NR NR NR 



c•mple Location SB40 SB41 

lh•plh (ft) J-4 2-3 

Arrnlyte 

Volatiles (BTEX) - mg/kg 

Bcnzrnc <0.0059 <0.0061 
-

Ethyl benzene <0.0059 <O 0061 

Toluene <0.0059 <00061 

Xylene (total) <O 0059 <0.0061 

Semi-Volalih's (l'..\11.~)- 111~/ki: 

Accn<iphthenc <O 39 JK <0.41 

/l.cl'!1aphlltylc11c <0.39 JK <0.41 

Anthracenc <0.39 <0.41 
-· 

Benzo( n )anthrnccnc <0.39 JL <0.41 JL 

Benzo(b )fluornnthene <0.39 <0.41 

lkr1.-o{ k )tl 1mrn11!llc11c ..... n.J9 <0.4 l 

lknzo(a)pyrcne <0.39 <0.41 

lknzn(gh i )perylL'llC <0.39 <0.41 

Chrysene \<0.39 <0.41 

Dihenzo( a,h )anthrncene <0.39 <0.41 

Fluon:mthene <0.39 <O 41 

1-'!t1on·1w ....:0.39 JK <..0.41 
---· 

lndeno( 1,2,3-cd)pyrene <0.39 <0.41 

I- Methy!naphthnlene NA NA 

2- f\1ethytnnphthnlene NA NA 

Nnph!halene <0.39 JK <0.41 JK 

Phcrwnthrcnl."! 0.49 .Ill <0.41 

l'yrcnc 0.20.111 <0.41 

TPII - mg/kg 

C'6- CIO llydrocarhons <58.9 <60.7 

>CI 0 - C28 Hydrocarbons <58.9 <60.7 

TPH C6 - C28 Hydrocarbons NR NR 

Key at end of table. 
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Table 4-1 (cont.) 

ORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL 
\VILCOX REFINERY. BRISTOW, OKLAHOMA 

SB41D SB42 SB43 SB44 

2-J 2-3 6-7 4-5 

<0.0056 <0.0059 <0.0054 <0.0056 

::::0.0056 <0.0059 <0.0054 <0.0056 
. 

<0.0056 <0.0059 <0.0054 <O 0056 

<O 0056 <0.0059 <0.0054 <0.0056 

<0.37 <0.39 <0.36 <0.37 

<0.37 <0.39 <0.36 <0.37 

<0.37 <0.39 <0.36 <0.37 

<0.37 JL <0.39 JL <0.36 JL <0.37 JL 

<0.37 <0.39 <0.36 <0.37 

..:..{) 37 <0.39 <0.36 <0.37 

<0.37 <0.39 <0.36 <0.37 

<0.37 <0.39 <0.36 <0.37 

<0.37 <0.39 <0.36 <0.37 

<0.37 <0.39 <0.36 <0.37, 

<0.37 <0.39 <0.36 <0.37 

<0.37 <O 39 <0.36 <0.37 

<0.37 <0.39 <0.36 JK <0.37 

NA NA NA NA 

NA NA NA NA 

<0.37 JK <0.39 JK <0.36 <0.37 JK 

<0.37 <0.39 <0.36 <0.37 

<0.37 <0.39 <0.36 <0.37 

<55.7 <58.7 <54 2 <55.1 

<55.7 <58.7 <54.2 <SS.I 

NR NR NR NR 

SB45 SB46 SB46D 

0-1 6-12 6-12 

<0.0063 <0.0059 <0.0057 

<0.0063 <0.0059 <0.0057 

<0.0063 <O 0059 <O 0057 

<0.0063 <O 0059 <0.0057 

<0.42 <0.39 JK <0.38 JK 

<0.42 <0.39 JK <0.38 JK 

<0.42 <0.39 <0.38 

<0.42 JL <039 JL <0.38 JL 

<0.42 <0.39 <0.38 

<0.42 <039 .... o.38 

<0.42 <0.39 <0.38 

<0.42 <0.39 <0.38 

<0.42 <0.39 <0.38 

<0.42 <0.39 <0.38 

<0.42 <0.39 <0.38 

<0.42 <0.39 JK <0.38 JK 

<0.42 <0.39 <0.38 

NA NA NA 

NA NA NA 

<0.42 <039 JK <0.38 JK 

<0.42 <0.39 <0.38 

<0.42 <0.39 <0.38 

. <62.8 <58.8 <56.8 

<62.8 <58.8 <56.8 

NR NR NR 
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Key: 

t\ n.d) !ic,i! results an: reported in milligrams per kilogrnm {mg/kg) 

Results in bold exceed laboratory reporting limits 
BTEX - Ucnzcne, toluene, cthylbcnzene, and xylencs 
D- Duplic<:1tc sample 
II - The bias ill !he C!'>timated value is high 
J - Corn:entrntion is estimated 

Table 4·1 (cont.) 

ORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

K - The bias in the estimated value i:; unknown 
L - The bias in the estimated value is !ow 
NA - Not analyzed 
NR ·Not reported 
PAI Is - Polycyclic aromatic hydrocarbons 

SB· Soil boring sample 

Shaded results exceed one or more example regulatory criteria in Table 11 

06:000608 KJ06 04 00 00-DTl 22 l 

SED - Sediment sample 
TPH - Total petroleum hydrocarbons 
< - Not detected at the laboratory reporting limit 
>CI O·C28 · Number of carbon atoms in the range of 
totaled hydrocarbon concentrations 



I 
Sample Locaiion 

Depth (ft) 

Metals - mg/kg 

Aluminum 

Antimony 

Arsenic . 

Barium 

llcryllium 

{"11il111i111n 

Cakium 

Chromium 

Cobalt 

_-5..:::r1~ --~------ -·-~-·-·-
lrnn 

I.eat! 

Mai;nesiurn 

~langanese 

Mercury 

Nickel 

Potassit1m 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium -
Zinc 

'" 
Ker: 

~k!als n:pcHlcJ in 111i!!ig1.i1m pci J..ilog1am (mg/kg} 

Result> in bold cx~eed laboratory reponing limits 

SEDll 

0-1 

1,2!0 JI, 

<7.5 JK 

IA Jll 

20.2 

<.0.62 

, n f12 JI\ 

561 JK 

3.7 

<2 5 

2. 7 .JI~ 

J,520 JK 

32.4 JK 

311 JK 

104 JK 

<0.02 

2.6 JI\ 

'" <0.62 

<1.2 JL 

<62. I 

<0.62 

"' 9.8 JK 

7.1 

Shaded rc;uhs cHced 20 times RCR,.\ TCLP criteria in Table 5-2 

p! l results in bold arc <5 or >9 

pll tc'(lllltCd Ill S!'1ildn1d pl [ lllli(~ 

B • Annl}k del("l'kd i11 as""'iHted bl11nl-.. 

D · Duplicate sample 

II· The bias i11 lhc esmuatcd \'Hli1e i~ high 

J • Cmil·cntrntion is es1imated 

K - The bias in the estimated va!ue io unJ..nown 

L - The bias in lhe estimated value is low 

NA - Not analyzed 

NR - Not reported 

SB- Soi! ho1i11g s;11nple 

SED - Stdi111rnt ~111nple 
<·Nol tlet~c!cd ~t Iii« li1bn1;\1111y 1qiolli11g limit 

111, <llllH>ll~ 1' lor. o I 1111 1111 ll I Ill I 

T~_.l EXl.._i/JUN'I IC·\ 

SEDll 

0-1 

960 JL 

<7.2 JK 

1.6 Jll 

22.1 

<:0.60 

•0.(10 JK 

373 JK 

4.0 

...,:z 4 

:Z,7.IK 

4,050 JK 

16.7 JI\ 

226 JK 

142 JK 

<O 02 

<2.4 

"' <0.60 

<1.2 JL 

68.6 Jll 

<0.60 

"' 5.J JK 

7.1 

Table 4·2 

INOHGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL 
\\'II.COX Ri:l'INERY, BRISTOW, OKl.AllOMA 

SBOI SBOI SBOl SBOJ 5804 5805 

0..0.5 J()..11 1-2 J.5-2 4-5 1-2 

727 JL J,620 JL 1,140 911 1,130 1,740 

<6.3 JK <6.9JK <1.0 <1.0 <1.0 <I.I 

I.OJI! 2.8 Jll 0.99 0.68 0.97 l.4 

19.1 72.7 10.2 7.S 7.3 23.8 

< 0.53 <.0.57 <0.51 <0.52 <0.52 <0.56 

:'I.I.II\ 1.6 .JK <0.51 <0.52 <O 52 O.SI 

2,550 JI\ 888 JK 167 Jll 160 Jll 169 Jll J6J Jll 

13.6 6.7 "' 1.7 l.I S.3 

l.8 S.6 '" <2.1 <2.1 l.3 
78. I ,II( <>.J JK ,-2_0 <2 f ·-2 I •'2 J 

J7,JOO JI\ IJ,OOOJK 2,790 J,840 2,470 5,290 

,4.980 DJK 6.SJK I.I O.BJ I.I 7.0 

246JK 565 JK 52.8 <52.0 77.9 "' 182 JK 426 JK 164JK 49.9JK 12.BJK 207 JK 

0.116 .--:o 02 <0.02 <0.02 <0.02 <0.02 

4.0 Jll 14.5 Jll <2.0 <2.1 <2.l <2.3 

"' 386 "' 648 S07 400 

I.I 0.65 JH <1.0 <1.0 <1.0 <0.56 

<I l JL <I.I JL <1.0 <1.0 <LO <I.I 

268 JH 2,620 JH Ill <110 "' <110 

<O SJ <0.57 <0.51 <0.52 <0.52 <0.56 

<2.1 II 3.9 3.1 4.0 7.6 

43.3 JK 7.4JK 3.4 1.7 1.6 11.8 

8 S.8 6.1 S.5 6.6 6.7 

5805 SB05 8806 SB07 SB07D SB08 

4-S 14-15 1-2 4-S 4-S 1-2 

1,930 3,000 2,590 4,760 3,780 1,250 

<1.2 <1.2 <I.I <1.2 <I.I <I.I 

I.I 4.0 "' 4.1 "' 1.8 

SI 89.8 28.8 JJ.9 26.9 lO 
<0.62 <0.58 <0.56 <0.58 <0.SS <O 53 

<0.62 1.9 0.75 l.l 1.l IUiJ 

631Jll 351 Jll 380 Jll 745 Jll 5JI Jll 1119 Jll 
S,4 12.2 5.8JK 13.2 JK lt.6JK 3.6 JK 

3.6 7.7 <2.3 l.7 l.6 <2. I 
<2.S --2 1 <2 3 3.J 3.7 <2 I 

3,500 IJ,4UO 5,130 8,4(}() 7,870 J,430 

3.7 4.9 3.0JK 6.J JK 17.9JK I0.5JK 

30S 28S 210 378 "' 110 

26.8 JK 231 JK 112JK 47.5 JK 87.1 JK 134 JK 

<0.02 <0,02 0.04 0.116 0.07 0.06 
3.9 S.4 <2.3 l.7 <2.2 <2. l 

408 609 "' 601 "' "' <1.2 <1.2 <I.I <1.2 <I.I <I.I 

<1.2 <1.2 <I.I <1.2 <I.I <I.I 

143 81.2 <114 llJ '" <!OS 

<0.62 <0.5S <0.56 <0.58 <0.55 <0.53 

9.7 13.8 "' 14.4 ll.2 "' 6.4 12.6 S.OJK 7.6JK 10.2JK 5.0JK 

6.4 6.6 3.l 3.1 3.3 2.3 
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[ Sample Location 

Depth (ft) 

Metals- mg/J.:g 

~-

,\luminmn 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Cnkiml1 

('lumuium 
~-

Cnh:!lt 

Copp<'• 

Iron 

Lead 

_tta~nr1im11 

/l.1111w:~ncse 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium --
Zinc 

'" 
Kc) 

J\kt~!s rcporicd in 1nilligrams pc1 kilogram (mg/kg) 

Rc~uh~ in bold exceed Jabora1ciry reporting limi!s 

Slrn1kd re,11lt~ e~cccd ~O !imc> RCIC\ TC!.P crill'iia i 

pH 1nol1> in h.1ld ill<' .,5 m ·.-') 

pll 1qhHtl'd in 11nncl:i1d pH 1mi1, 

B • Anal}1!.' dctec1cd in •1ssndated bl;mk 

D · Duplicate sample 

H - The bias in !he estimated value is high 

J • Concentration is estimated 

K - The biHs in the estimated value is unki10wn 

L - The bias in the cs!imated value is low 

NA· Not analyzed 

NR - Not reported 

SB - Soil boring snrnp!e 
SED - Sediment sample 
<:. - Nol dcwctc·d 111 the ln!lPrn101y n·p(lJ!iug limit 

II(, 1ir11>r 0 r>H f,:J11e, !>I 1111 1111·111 Ill! 

T4 1 EXI .1(l•IN11·!1.A 

SB09 SBlO 

1-2 J-4 

3,540 l,110 

<I.I <1.1 

2.8 L3 

27.4 15.1 

<0.56 <0.53 

l-1 0.59 

646 Jll S22 Jll 

8.J JK 6.5 JK 

-..2.2 ~2.1 

<2.2 2.l 

7,820 4,270 

5.0JK 2.0JK 

318 431 

IOJJK 4JA .JI\ 

0.05 0.04 

3.2 2.2 

466 340 

<I.I <I.I 

<I.I <I.I 

<Ill 232 

<0.56 <0.53 

12.6 7.0 

S.6 JK 4.7JK 

3.0 2.8 

Table 4-l (cont.) 

INOHGANIC ANALYTICAi, RESULTS IN SEDll'l1ENT AND SOIL 

WILCOX REFINERY, BRISTOW, OKLAHOMA 

--
SBll SOil SBl2 8813 SOil 

2-3 1-2 8-9 1-2 6,5-7.5 

3,600 4,480 1,600 3,600 3,160 

<1.2 <I.I <LI <I.I <I.I 

2.3 3.0 0.88 '" 3.9 

54.8 77 16.5 23.l 45.4 

<0.59 <0.56 <0.56 <0.54 <0.57 

0.99 1-4 <0.56 IA 1-8 

7')11 Jll 818 Jll . 512 Jll SSS Jll 1,010 Jll 

8.4.JK 8.6 JK 4.0JK 7.8 JK IO.l JK 

2.8 4.1 <.:2.J 2.6 4.3 

6.4 4.5 <2 J 2.9 4.7 

6,770 9,530 J,870 9,930 12,700 

20.9 JK 4.7JK J.7JK 48JK 5.5JK 

5112 634 JJ7 414 763 

5'l.9 .11..: JS6 JK 24.0 JK 2S,J JK 76.7 .IK 

II.OJ 0.05 o.os 0.04 II.US 

3.3 5.6 <2.3 3.2 '8.1 

487 '62 299 568 506 

<I.I <I.I <I.I <I.I <I.I 

<1.2 <I.I <I.I <I.I <t.l 

<117 254 "' <112 <116 

'.o S9 o;;Q.56 <O.S6 <O 54 <.:O.S7 

12.8 14.5 '-' 13.7 21.4 

13.3 JK 8.4JK 4.0JK 9.2JK 10.5 JK 

4.7 3.8 5.9 3.9 6.0 

SBIJD 8814 SB14 SB15 SB16 SBl7 

6.5-7.5 1-2 5-6 0-t 5-6 1-2 

l,290 J,700 9,190 24.8 3,370 9,700 

<1.2 <I.I '-' <1.2 <1.2 <I.I 

2.4 0.95 '-' <0.62 1.9 2.7 

39.3 23.5 !07 <2.5 21.3 60.5 

<0.58 <0.55 0.81 <0.62 <0.58 <0.54 

l-1 0.58 2.8 <0.62 0.82 1.5 

786 Jll 264 "' 87.J 334 1,470 

7.5 JK 4.3 15.2 <1.2 6.8 J J.2 

3.6 2.3 9,8 <2.5 2.3 2.9 

3.2 <2.2 12.7 <2.5 3.9 6.1 

8,040 3,810 18,100 262 5,490 10,IOO 

3.5JK" 1• 7-4 2.5 . 2.6 10.l 

615 241 1,510 <61 5 279 728 

Sl.11 JK llti.2 103 3.0 44.2 " o.os 0.04 0.04 <O.O:i 0.04 0.04 

6.8 J.I 13.1 <2.5 3.5 5.5 

500 412 1,040 <123 546 1,110 

<1.2 <I.I <1.2 <1.2 <1.2 <I.I 

<l.2 <I.I <1.2 <1.2 <1.2 <Ll 

"' 1,620 JK 4,690 JK <123 JK <115 JK <108JK 

<0.58 <O.SS <0.60 <'.Q 62 <0.58 0.54 

12.1 '-' 27.7 <2.S I0.4 20 

8.7JK '·' 18,7 <1.2 4.8 15.2 

5.9 9.5 9.4 8.1 6.6 7.4 



S1unph• I.oration 

__ --·---··- .... ..:..._!!'."!~~~~ i!!.L.·-···--··· _ ·~-.. -
l\letals - mg/Iii: 

1\l11m111um 

Antimony 

Arsenic 

Barium 

Beryllium -
Cadm11mi 

Calcium 

Chromium 
. 

Cobalt 

Coppe1 

Iron 

Lead 

1'1agnesium 

Man[1anc5e 

1'klCHI') 

Ni,·i,·I ---··-----·-------- ·----
l'o!assiulll 

Selenium 

Silvff 

Sodi1w1 

Thallium " 
Vanadium 

Zinc 

pll 

Key: 

1'kta1s rcp()rled in n1~!Jigrnm::; per ~i!ograrn {mg/kg) 

Res11hs in bold c~ceed laboratOI)' reporting limils 

Shaded 1e~uhs ~"ceed ~O 1imes RCRA TCLP criteria i 

pl I results in hold are <5 or >9 

pl! reported m >tand3rd pf! units 

ll - _,\nnl}1C detected in a1.:<\fi:11c·d hL111k 

D - Duptirnl<~ smnpl<· 

I!· The bias iu 111 ... n1im;11cd \Hli1c is high 

J • Cnncentrntion is estimated 

K - The bias in the csrinrn!cd ,·ah1c is 1111k1iown 

I. - The bias in the estim~tcd 1•alue is low 

NA - Not anal;7cd 

NR ·Not reported 

SB· Soil boring sample 
SED - Sediment sample 

<·Not detected at the lahornto1y reporting limit 

IJ(, lllJIJW~ _KJIJlo .. o~._1111 .. llll·DTI 121 
T4_2 EXL 3/31)1')9-RA 

SDJ7D SHl7 ,_, 
~-~·(•.~ 

----- .:..=o.=--

7,840 4,1 IO 

<I.I <I.I 

LS 1.7 

53.9 31.6 

<0.54 <0.55 

0.98 1.2 

l,420 342 

10.5 6.8 

2.4 2.8 

4.9 S.J 

6,400 7,910 

6 J.7 

628 478 

37.5 IJO 

0.03 0.04 

:'1.0 ·I.I 

9J~ 552 

<I.I <I.I 

<I.I <I I 

<!08JK <109 JK 

<0.54 <O 55 

17.4 IO 

I0.2 '" 73 '-' 

Table 4-2 (cont.) 

INORGANIC ANALYTICAL RESULTS IN SEDll\IENT AND SOIL 

\\'ILCOX RF.l-"INERY, BRISTOW, OKLAHOMA 

- ---- -
Sllll:I Slll8 SDl9 SBl9 Sll20 ,_, 1 H ,_, ,_, O·l 

···-- .. -- . -

2,SJO 5,300 t,570 4,110 1,770 

<I.I <1.2 <I.I <LI 1.l R 

2.1 3.3 LS 0.83 2.7 R 

50.l 68.1 25.6 33.6 37.7 

<0.56 <0.58 <0.53 <0.57 0.12 R 

0.79 L6 0.63 <0.57 0.14 R 

924 678 1,480 754 594 

6.8 9.4 S.8 8.6 6.1 JK 

2.6 5.3 2.3 <2.3 1.0 R 

6.3 6.1 J.S J.S 15.7 

5,010 10,300 3,750 2,930 4,800 JK 

24.8 J0,7 14.7 1.9 t"r· l.9.60 JK 
351 606 ' 550 785 327 

128 111 138 34.5 27.1 

fl.II 0.05 0.11 o.n~ 0,39 

...... o.J "' 2.H ,,,., 
-

JHH SO-I 286 soo J56 

··[I <l.2 <I.I <I.I ~o 49 

<I I <1.2 <I I <I I <1.2 B 

•.1 D JK <115 JK .::106 JK 174 Jh'. 67.8 

<.Q 56 <0.58 <0.53 <0.57 <0.27 

JO.I 16.2 6.6 J.8 6,6 JK 

16 8.2 25.6 J.I 15.4 JK 

7.7 6.1 7.4 6.3 '-' 

SB21 SB2l SB23 SB24 SBlS 5826 
o.J 

·~· 
().J 0-2 0-J 11-2 _._,.. - .. . - --

1,260 4,290 1,350 1,140 1,280 l,010 

<0.50 R 1.00 R <0.50 R I.I R <0.50 R <0.50 R 
2.7 R 2.2R I.BR 2.7 R 2.2 R 1.7 R 

15.5 . 58.8 20.9 ll.4 16.0 24.8 

0.08 R 0.25 R 0.12 R O.Jl R O.IOR 0.17R 

0.07R O.JOR 0.17 R 0,25 R 0.44 R 0.11 R 
18,400 471 619 4,190 10,700 898 

4.1 JK 6.2JK l.5 JK 5.2JK 4.9 JK 5.4 JK 

1.0 R ~.2 R l.4R 2.l R 1.3 R 1.8 R 

'" 1.9 8.4 122 12.9 <.9 

4,000JK 5,120 JK 4,960JK 7,840 JK 6,140 JK 4,100 JK 

61.6 JK 4.2 JK ,+ ·1··"hBltJK i1l$J'K 72.2 JK 

9,910 490 JOO 2,140 5,890 '" 424 "' 127 223 208 99 
NR ··fl.II O.IJ .-o 12 ·o ro <ll.10 

2.7 "' J.J fo.4 -1.5 ·I.~ 

"' 679 339 256 "' 595 

<0.46 0.48 <0.46 <0.53 <0.46 <.:0.46 

<1.4 8 <0.99 B <I.I B <1.3 B <J.5 B <I OB 

97 57 70 154 192 119 

<0.26 <0.26 <0.26 <0.29 <0.25 <O 26 
4.9JK 9.2JK 5.0JK S.7JK 4.8JK 6,8 JK 

14.1 JK 6.2 JK 18.3JK 61.9 JK 83.8 JK 14.3 JK 

7.7 6.2 6.2 7 I 6.9 72 



C Sample Location 

Dcplh (ff) 

l\frlab - rni;:/ki: 

\!uminum 

Aniimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 
~-

Chromium 

Cobalt 

Copper 

Iron 

Lead 

/\lagnesi11m 

/l,fan~anese 

1'1<'1..:ury 
Nid.,d --·------- ------ ·--· 
l'••!U'•'"'"' 
Sd(ni11rn 

Silvc1 

Sodium 

Thallium 

Vanadium 

Zinc 

pll 

Key: 

1'.kials reporlcd in milligrams per kilogram (mg/kg) 

Results in bold ell:ceed lab-Oratory reporting limits 

Shaded resnhs n:cccd 20 times RCRA TCLP criteria i 

pl l rcs1tlt> in hold are <S or >9 

pl! repo11cd in stand.ard pH units 

13 • Analyte detected in aSs(1da1ed blank 

D - Duplicate sample 

II - The bias in the esrinwted value is high 

1 - (_\mi:enli a!i"n h cstinrnted 

K ·The hi;is in d1~ n1i111nkd v;iluc is m1~nown 

L - 1'11c hi,1s 111 ihc cotinWl<'d l'Ulue is low 

N:\ - No1 nn.ily~cd 

NR - Not rcp<.lrt~d 

SB - Soil boring sample 
SED - Sedimenl sample 
< - Not detected at the laboratory reporting limit 

f!(, !11>11!.llH .KJllf• _ !14 _IJll 011-DT 1221 

!'4 l EXL-.VJrm•J.f!A 

5827 5818 

0-3 0-l 

3220 JK 2,2-10 JK 

<0.51 JL 0.76 JL 

l.3 3.0 

51.8 42.6 

0.21 0,28 

0.19 0.20 

3,460 951 

6.1 15.0 

l.5 3.0 

8.1 7.3 

5,310 8,630 
. ,,,·,co .• ii"1£;,.,t;j4J J '45!1 

1,890 443 

176 .JI. 213 JL 

<O l l <O.Hl 

4.'1 J.'l 

701 .lh'. l-IJ .It.: 

<.il.-17 <.:() -17 

0.59 <O. 13 

142 90 

«O 26 <0.26 

9.1 9.2 

29.6 29.6 

7.1 6.1 

Table 4-2 (cont.) 

INORGANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL 

\\'ILCOX REFINERY, BRISTOW, OKLAHOMA 

5829 5830 5831 5831 58320 ·5833 

0-1 0-3 0-3 0-1 0-1 0-1 

1,460 JK 2,350 Jt-. 2,190JK 2,090 JK 1,870 JK 11,300 JK 

0.80 JL <0.55 JL <0.58 JL <0.86 JL <0.85 JL <0.63 JL 

1.4 1.2 0.73 8.3 11.4 4.0 

21.9 32.7 28.7 84.6 104 171 

0.11 0.19 0.15 0.12 0.14 0.73 

0.10 0.12 0.07 0.15 0.25 0.13 

1,560 828 Jll 1,370 1,630 1,110 

3.5 4.6 3.8 3.9 3.6 14.1 

1.6 l.2 2.0 3.8 3.0 S.I 

4.S 4.S 19.0 4.0 3.8 S.8 

2,690 3,920 3,180 25,300 Jl,SOO 14,600 

:f),;,L,{x: :¥·,i61 77.2 ~ ~-- i"'' .. 4$ 15.J 

796 401 271 392 421 t,580 

157 JI. 338 JI, 78.7 .JL 921 JI, 1,100 JI, 179 JI, 

<O 10 <O 10 <O. 10 <O. 10 <O IO <O IO 

l.4 2.H 3.l 0,94 • 0 52 10.7 ---·--
li.11 Jh'. 41l Jh'. SllH Jh'. 691 Jt.: llH JK l,HlO Jh'. 

.:() -16 <OSI ..:o.SJ <0.79 <'.0,78 <0.58 

<O 12 0.20 0.35 2.3 l.0 <0.15 

71 86.6 98.5 202 112 190 
• () 26 <0.28 <0.30 <0.44 <0.43 <0.32 

4.2 7.2 6.6 6.1 8.7 23.9 

13.7 22.J 12.2 7.7 8.0 19.4 

63 6.2 6.3 l.4 6.7 lJ 

$834 5835 5836 5837 SB38 

0-1 0-3 6-7 6-7 0-1 

3,410JK 4,180JK 1,290 915 4-t6 

<0.63 JL <0.56 JL <0.50 R <0.53 R <0.01 R 

3.5 1.0 1.0 R 0.45 R 0.01 R 
·53,0 36.7 10.9 9.4 0.28 

0.23 0,20 0.09 R 0.05R OR 

0.08 0.24 <0.05 R <0.05 R <OR 

717 6,590 211 148 3.9 

6.7 4.5 3.3JK 1.6JK 0,06 JK 

3.9 1.3 I.I R 0.29R <0.01 BR 

11.7 8.9 2 <1.5 B <0.03 B 

8,990 4,260 l,330 JK. 769 JK 31.7JK 

~11<'100 <3.2 BJK <2.8 BJK <0.04 13JK 

628 2,120 201 !SI 6.7 

JOI JL 87.4 JL 50.9 4.1 0.2J 

<0.10 <'O. lO <"O 10 <0.1 l <O 12 

S.1 J.I IH.J 1.9 -o o~ H 

764 .IK 4'JS Jh'. JSU Jl>(f 9.1 

<0.58 <D.SI <O 46 '-0.411 -.0.01 

0.88 0.27 1.0 <1.7 B <0.01 B 

'" 143 53.2 55.6 <0.65 B 
<0.32 <0.29 <0.26 <0.27 NR 

10.1 6.1 4.l 2.6 JK <0.11 BJK 

14.7 7.6 4 0.75JK 0.06JK 

l.2 l. I 6.4 6.4 6.·5 



c: Sample Location 
Depth (ft) 

Metals· mg/kg 

:\li1mi1nun 

Antimony 

Arsenic 

l'lnri111n 

!k1ylliHlll 

Cmhnimn 
{'nlcium 

('hromi11111 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury -
Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallimn 

Vanadium 

Zinc 

pll 

Key 

J\kta!s reported in milligra111s per kilogram (mg/kg) 

Results in bold exceed laboratory reporting limits 

Shaded rernlts exceed 20 times RCRA. TCLP cri1cria i 

p!l resul!s in bold are <5 or >9 

pf! repor!ed in standard pH 1111i1S 

B • Analytc> detected in associated blank 

D - Duplicate sampk 

fl· Tiie bins in the e>limatcd qh1c io high 

J - C'oncentrnlion i> eslimate<l 

K. The bias in the estimated l'ah1e is unknown 

L · The bias in the estimated l'alue is low 

NA· Not n11a!p-cd 

NI{ - Nnt rcpo11cd 

SB· Soil b1,ring s;111111k 

SED • Sedimcru sample 
<·Not dc1c1:1cd nl ihc foh"ial<'I)' ll"jl!\!!ing limi1 

O!> 1!11111.11~ KJlll• _IJ.! !Ill 1111.l)l"llll 

T 4 _ 2. EXL-J/Jl)fJ~.RA 

SB39 SB40 

3.4 3.4 

4,570 .IK 3,020 .JK 

<0.59 Jl <0.58 JL 

3 S.7 

27.2 48.4 

0,36 0.29 

<0.06 0.06 
(,0(, 5211 

8.4 S.6 

3.2 3.2 

3.1 2.2 

8,820 10,.mo 

3.6 3.2 

653 483 

60.9 JL 312 JL 

<0.1 <0.1 

6,9 4.3 

917 JK 514 JK 

<0.54 <0.53 

0.19 0.47 

6J.] 60.9 

<0.3 <0.29 

IJ.6 10.3 

6.2 4.2 

5.7 5.31· 

Table 4·2 (cont.) 

INOl{GANIC ANALYTICAL RESULTS IN SEDIMENT AND SOIL 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

so.it 58410 5842 5843 8844 

2-3 2-3 2-3 6-7 4-S 

2,7<.0 .IK 1,800 JK 2,280 JK 2,410 JK 1,420 JK 

<0.60 JL <0.55 JL <0.58 JL <0.53 JL <0.54 JL 

l.S I.I 4.2 1.6 0.73 

33.1 15.5 22.6 28.0 14.J 

0.24 0.12 0.25 0.21 0.11 

<O 06 <0.06 <0.06 0,07 <0.06 

SJ<• Jl4 333 m l'l'I 

4.6 3,7 6,4 S.4 3 

2.7 1.3 2.4 2.1 0.95 

3.3 2.1 2.1 2 4.1 

5,250 3,260 8,180 5,990 2,-130 

6.6 3.8 4.4 2.2 <1.6 8 

476 271 370 369 215 

40.0 JL 45.1 JL 114 JL 84.4 JL 32.4 JL 

<0.1 <0.1 <0.1 <0.1 <0.1 

S.6 3.2 3.9 12.5 7.8 

SOI JK 569JK 547 JK 387 JK 311 JK 

<0.55 <0.5 <0.53 <0.49 <0.5 

O.J~ 0.71 0.91 0 ll 11.S 

76.1 IOS 129 41.1 61.7 

<O.J <0.28 <0.29 <0.27 <0.28 

8.5 s.s 11.J 8.5 4 

••• 4 4 4.1 3.4 

4.9 4.6 4.8 S.2 S. I 

8845 S846 S846D 

G-1 6-12 6-12 

2,660 JK S,640 JK 26.4 JK 

<0.62 JL <0.58 JL <0.01 Jl 

2.2 3 0.01 

27.1 43.7 0.42 

0.19 0.39 NR 
<0.06 0.06 NR 

2fl'J '63 2.J 

4.S 7.6 0,04 

2 3 0,02 

3.8 S.7 <0.03 B 

S,830 9,260 26.3 

38.9 rit~·m:i4l <l.8 B 

402 688 3.6 

39.5 JL 95.7 JL 0.16 JL 

<0.1 <0.1 <0.1 

4.S 9.1 0.05 

700JK 894 JK S.9JK 

<0.57 <0.53 <0.0! 

0.82 0.67 <0.01 B 

UJ 573 4.3 

<O.JI <0.29 NR 
7.2 16.2 0.05 

8 6.7 0.04 B 
4.4 6.2 6.0 
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Table 4-3 

ORGANIC ANALYTICAL RESULTS IN GROUNDWATER 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

jsample ID/Location j GWl(SBOS)jGW2(SB13)j GW3(SBl5) j GW3D(SB15) j GW4(SBl7) I GW5(SBI8) jGw6(SB40) I GW7(SB42) I GW8(SB37) I 
Analyte 

' 
r------

Volatiles (BTEX) - 1ng/L 

Benzene <2.0 <0.05 

'Toluene <2.0 <0.05 
1
Ethylbenzene 0.19 0.21 

Xylene (total) 0.035 <"0.05 

TPH- mg/L 

C6 - CIO Hydrocarbons IOO _140 

>CI 0 - C28 Hydrocarbons 20 530 

TPH C6 - C28 I lydrocarbons -~--~qi!llji, 

Key: 

/\.na!ytical results are report,~d in milligran1s per liter 
Results in bold exceed laboratory reporting limits 

0.049 JL 

0.034 .IL 

0.011 JL 

0.064 .IL 

<5.0 

IO 

IO 

Sh<ided results exceed one or n1ore exan1ple regulatory criteria in Table 5-) 

BTEX - Benzene, toluene, ethylbenzen'e, and xylcncs 
D - Duplicate smnple 

(i\V{SB) - Ciround wati:r san1pk nt1111hl!r (Soil boring lo.:a!iun) 

J - Concentration is estimated 

L - The hias in th.: estin1ated value is IO\V 
NA - Not analyzed 

NR - Not reported 

>CI 0 - C28 - Number of carbon atoms in the range of totaled hydrocarbons 

< - Not detected at the laboratory reporting limit 

0.012 <0.05 <0.005 <0.005 <0.005 

0.0087 <0.05 < 2.0 <0.005 <0.005 <0.005 

0.0083 0.49 3.3 <0.005 <0.005 <0.005 

0.018 0.14 9.1 <0.005 <0.005 <0.005 

<5.0 <5.0 <5.0 NA -
13 <5.0 <5.0 NA 

13 NR NR NA 



Table 4-4 

SUMMARY OF DATA COMPLETENESS 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

Control Limits Data Assessment 

Analyte >90% TPHin water 87.5% 

Antimony 82.5% 

Arsenic 82.5% 

Beryllium 81°/o 

Cadmium 81°/o 

Cobalt 82.5°/o 

Mercury 98% 

Thallium 96.So/o 

Analytical Method >90% BTEX 100%1 

PAHs 100% 

TPH 98.5% 

Metals 96% 

Key: 

cOmpleteness results in bold for individual analytes fail analytical method completeness goals. 

BTEX 
PAHs 
TPH 

06.000608 _KJ06 _ 04 _ 00 _ OO-DT1::1 
sar_T-1._ 4- \\.'PD-3/30/99-RA 

Benzene, toluene, ethylbenzene, and xylenes. 
Polycyclic aromatic hydrocarbons. 
Total petroleum hydrocarbons. 
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n 
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[ 

Source 

Pond I 

~-

Pond 2 

Oily Waste Pit 

-· 
 Pond 

Ten Fonner Tank Farm 
Large ASTs 

 Residence Soil 

Un vegetated Area 
(South end of  Property) 
~-

Key at end of table. 
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Table 4-5 

SOURCE INVENTORY AND PRELIMINARY ESTIMATES OF WASTE QUANTITY 
WILCOX REFINERY, BRISTOW OKLAHOMA 

Estiniated 'fhickness 
Level of 'l'hreat Capacity/ Source Area of Contamination 

Concerrl!Status to Waters Dimension (ft') (ft or inches) 

Oily sludge/backfilled Low 250 ft x 100 ft 25,000 3 ft of oily waste and 
3 cells soil 

(Avg. of SB02, 03, 04) 

Runoff sediment from High 225 ft x 150 ft 33,750 12 ft of soil and 
pil area 1 ,of 2 cells sedin1ent 

I cell breached, l cell 
ponded 

Oily sludge/ Medium 300 ft diameter 70,686 3 ft ofoily waste and 
bern1 breached, soil 
backfilled (Avg. ofSB07, 08, 09) 

Stained sediment/ High 100ftx60ft 6,000 3 ft of sediment 
stock watering pond 

'tank bottom Medium to low 55,000 bbl ea. 12,272 each 2 inches of semi-solid 
sludge/tank steel 125 ft dia. x 25 ft. TBS 
salvaged prior to 1967 

Surface and subsurface Low 200 ft x 175 ft lot 26,250 5 ft average depth to 
soil/on-site residents (-25% for house ground water 

and shed) (SB 17) 

Bare, stained surface High 200 ft x 150 ft 30,000 5 ft average depth to 
soil, odor/unchanged ground water (SB 14) 

·~ 
Estimated 

Waste CO Cs 
Volun1c (ESI and EPA 

(vd') START)* 

2,780 Pyrene, toluene, 
xylenes, TPH 

15,000 Copper, lead, TPH 

7,854 Acetone, 2-methyl-
naphthalene, 
phenanathrene, 
xylenes, arsenic, 

. copper, TPH 

667 Chromium, copper, 
lead 

76 ea. Pyrene, cyanide, 
760 total manganese, 

selenium, silver, 
zinc, TPH 

4,860 Lead, 1nercury, zinc, 
benzo (g, h, i) peryl enc 
chrysene, 
phenanthrene, 
pyrene 

5,556 Copper, lead, acidity 

(b) (6)

(b) (6)

(b) (6)



c -
Residence Fonner Ponds 

·----
Former Pond 

 Property at SIHll) 

Former Pun1ping Sta!ion 
Soil 

Former Refinery Area Soil 

Large ASTs 
(  Property) 

·----
Small AST 

 Property) 

Rail Tanker 

South Central Tank Benn Area 

 Tank Berm Area 

·----

Key at end of table. 
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Table 4-5 (Cont.) 

SOURCE INVENTOl!Y AND PRELIMINARY ESTIMATES OF WASTE QUANTITY 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

Estimated 'l'hickncss 
Level of Threat Capacity/ Source Area of Contamination 

Concern/Status to Waters Dimension (ft') (ft or inches) 

Subsurface Mediun1 150 ft x JOO ft 15,000 8 ft to ground water 
soil/hackfill..:d, on-site (house pond) (SBl3) 
residents 300 ft x JOO ft 30,llllll 

(South pond) 

Hare cinders at lligh I 25 ft x !Oil ft 12,500 I 0 ft average to rock 
surface/oily subsurface (SUOI) 
soil 

Subsurface soil/ . Mcdiu1n 250 ft x 200 ft 12,500 8 ft average depth to 
No surface sa1npling to (fenced area) ground water (SB 18) 
date [25% impacted) 

Surface soil/ Medi urn Unknown Unknown Unknown 
No sampling 10 dale 

Minor TBS, Low 3 ,400 bbl each 1,000 (Soil) 8 ft to rock (SB 19) plus 
Stained soil/Existing 144,000 gal plus 2 inches of TBS in I 
AsTs 35 ft dia. X 20 ft 962 (TBS) tank 

Diesel/Fuel Oil/ Medium 560 bbl 10,000 (Soil) 4 ft to ground water 
Existing AST 23,500 gal plus (SB16), 

20 ft dia. X 10 ft 314 (TBS) 9 inches of TBS 

Minor spills of fuel Mcdiurn 20,000 gal IOO 3 inches of stained soil 
oil/active AS1' 

Stained soil/ Mediu1n 300 ft dia. 17,670 15 ft to ground water 
B~ckfilled fonner AST (25% impacted) (SB05) 
bCnn area 

Oily near surface Medium 300 ft dia. 17,670 3 ft to rock 
soil/berm breached, (25% impacted) (SBll) 
backfilled . 

Estimated 
Waste CO Cs 

Volume (ES! or EPA 
(yd') START)* 

4,444 Acetone, TPH 

H 889 
Total 13,333 

4,630 BTEX, TPI I, lead 

3,704 Benzene, TPl-I 

Unknown Suspected BTEX, 
PAHs, metals, TPH 

300 TPH 
plus 

1,200 gal 

1,480 TPH 
plus 

1,760 gal 

I Fuel oil 

9,817 TPH 

1,963 Benzo(a)pyrene, 
TPH 

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



[ • Table 4-5 (Cont.) 

SOURCE INVENTORY AND PRELIMINARY ESTIMATES OF WASTE QUANTITY 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

[_ Estimated 
Estimated 'fhickncss Waste CO Cs 

Level of Threat Capacity/ Source Area of Contamination Volume (ESior EPA 
Concern/Status to Waters Dimension (ft2

) (ft or inches) (yd') START)* 

Fonner o/w Separator Oily soil, tarry High 33 ft x 15 ft (Soil) 500 1 ft to ground water 18.5 Benzo(a)pyrene, 
 Property) waste/separator (SB 15) PAHs, TPH 

breached 
30 ft x IO fl (Tar) 300 6 inches average of tar u 

· . Total 24 

lipper readies ofl'ributary I Strcan1 hcd soil/set! lligh . 800 ft of i1npactcd 2.400 1 ft soi l/scd 89 Lead, TPH 
strcain hcd (SB20 to SB29) 

Lower reaches ofTributnry I Oily liquid !lowing lllgh 250 ft of itnpactcd Unknown 2 ft soil/scd 167 soil/sed PAiis, lead, TPfl 
into stream strearn bed (pipe from (SB33, 34) plus 

 unknown 
. nrorcrtvl gal/min 

[ Total 72,985 yd3 Solid Waste 
plus 

>2,960 gal Liauid Waste 

Key: 

*Expanded Site Inspection (ESI) report (Roy F. Weston, March 1997) and the U.S. Environmental Protection Agency Superfund Technical Assistance and Response Team (START) site 
sampling events (Ecology and Environment, Inc., April, June, August, 1998). 

AST 
bbl 
BTEX 
CO Cs 
dia. 
Ii 
n' 
gal 
> 
min 
orw 
PAHs 
scd 
SB 
TBS 
TPH 
yd' 

Ahovcground storage tank 
Barrel 
Benzene, toluene, ethyl benzene, and xylcncs 
Contaminants of concern 
Dimncter 
Feet 
Square feet 
Gallons 
Greater than 
Minute 
Oil/water 
Polycyclic aromatic hydrocarbons 
Sediment 
Soil boring sample 
Tank botto1n sludge 
Total petnlleum hydrocarbons 
Cubic yard 

01.·()()()(,()8 __ KJO(l_O.t_oo (){).])'['I 22 l 
TIO WPP-1111/<l<;. nA 

"·~, 

(b) (6)

(b) (6)
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TPH 1, 140 

S816 

'BENZENE 
! TPH 
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2,400 

COMMERC.'.i~L 
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TPH 
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TOLUENE 410 
ETHYLBENZENE 670 
XYLENES 2,600 
TPH 4,100 490 

S814 

TPH 

t TPH 
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100 170 

05.5-6.5' 

1, 100 

TPH 

00-1' 

125 

S834 

BENZO(a)PYRENE 
CHRYSENE 
PHENANTHRENE 
PYRENE 
TPH 

BASE MAP SOURCE: ROY F. WESTON INC., ESI REPORT, MARCH, 1997, FROM ACE AERIAL PHOTO, 1966. 
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120JH 
220JK 
240JH 
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COMMERCIAL 

SB15 

ANTHRACENE 
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CHRYSENE 
FLUORANTHENE 
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PHENANTHRENE 
PYRENE 

00-1' 
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/ 
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NOTES I 
Ail CONCEHTRAl!Ol6 ARE LiSiEU IN MIWGRAMS PER Kii..OGMioi (mg/ic~) · 

f"OR A SUMMARY OF ORGANIC ANALYTICAL RESULTS, SEE TA.BLE 4-1 

--- HOT DEitCTtD, OR llOT PRESENT IH SIGNIFICANT CONC£NTRATIOHS. 

05.5-8.S' - D--:FTH OF SJ.MPlE COLLECTION IH FEET BELOW GRADE. 

' ' ' ' -- ------ i'1 

~ 

LEGEND 

o• 1so· 300· 

SCALE !N FEET 

ecology and environment, inc. 
Dallas, Te:::as 
International Specialists in the Environment 

FIGURE 4-1 ELEVATED ORGANICS IN SEDIMENT AND SOIL 
WILCOX REFINERY 

A :EDIMENT ''""" ·°'''"'" f-_______ B_R_IS_T_o_w_.,O_K_LA_H_O_M_A _______ _, 

J'J, SOIL BORING -~ :.:..-::~ TDD so6-98-o3-ooo9 Date: MARCH 31, 1999 v OIRECTIOH OF rLOW P.M.: T. BEER 

(b) (6)

(b) (6)

(b) (6)

(b) (6)
(b) (6)
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SCALE IN f'ECT 
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Dallas, Texas 
International Specialists in the Environment 

FIGURE 4-2 ELEVATED INORGANICS IN SEDIMENT ANO SOIL! 
WILCOX REFINERY 1

1 BRISTOW, OKLAHO>IA 

TDD SOS-98-03-0009 ·Date: MARCH 31, 1999 

052601SFXX P.M.: T. BEER 
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5 ARARs and TBCs 

The NCP spill response program addresses only imminent and substantial threats to 

navigable waters of the United States. Risk assessment and long-term human health or 

ecological risks from documented site contamination are beyond the scope of this program. 

Threat to navigable waters at the Wilcox refinery site is determined by comparing site chemical 

data with Applicable or Relevant and Appropriate Requirements (ARARs) and To Be 

Considered materials (TBCs). 

ARARs refer to federal or state laws and environmental protection requirements that are 

legally applicable to the investigation site. TBCs are non-promulgated advisories or guidance for 

the protection of human health and the environment that are generally not enforceable. The 

potential regulatory requirements for the site include federal environmental laws administered by 

the U.S. EPA and other federal agencies. and laws administered by the State of Oklahoma. 

ARARs and TBCs are typically categorized as chemical-, location-, or action-specific criteria. 

Chemical-specific criteria are usually health- or risk-based values that establish the acceptable 

concentration of a chemical for each medium. Location-specific requirements are restrictions 

placed upon the presence of a hazardous substance or the conduct of activities based solely on 

site location. Action-specific requirements are technology- or activity-based restrictions placed 

on remedial actions. Only chemical-specific ARARs aIJ.d TBCs are discussed below due to the 

preliminary nature of this investigation. 

This section presents a qualitative evaluation of the significance of site data by 

comparing numerical criteria from chemical-specific ARARs and TBCs identified for the site to 

maximum detected concentrations in the media tested at the Wilcox site. 

06 :000608 _K106 _ 04_00 _00-DTI 22 l 
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5.1 Regulatory Criteria 

To date, no ARARs have been identified for the site. The TBCs identified for the site 

are from the Resource Conservation and Recovery Act (RCRA) hazardous waste characteristics 

in the Code of Federal Regulations (CFR) Title 40, Part 261 (40 CFR 261); RCRA Land 

Disposal Restrictions (LDRs) (40 CFR 268); Oklahoma Corporation Commission (OCC) 

Underground Storage Tank (UST) Program; and TNRCC Risk Reduction Standards (RRS) in the 

Texas Administrative Code (TAC), Chapter 35, Subchapter S, Section 335. Site-specific 

analytical data for all analytes detected in site media were compared to the identified TBCs as 

applicable for each medium. TBCs for organic compounds are listed in Table 5-1 and TBCs for 

inorganic analytes are in Table 5-2. 

According to RCRA in 40 CFR 261, Subpart C, four characteristics can be used to 

determine if a waste is hazardous: ignitability, corrosivity, reactivity, and toxicity. The 

characteristics most applicable for the evaluation of site data at Wilcox are toxicity for metals 

data and corrosivity for pH data. Toxicity is determined by analysis for hazardous constituents in 

an extract or leachate of the waste using the toxicity characteristic leaching procedure (TCLP) 

(40 CFR 261, Subpart C, Appendix II). The concentration of detected total metals results in site 

samples that can be compared to 20 times their respective TCLP criteria for an evaluation of 

hazard. The factor of "20 times TCLP criteria" is based on the extraction methodology of the 

TCLP. The weight of extract fluid used is 20 times the weight of sample. If it is assumed that 

the metal of concern can be completely extracted from the waste sample, an extremely 

conservative assumption, the metal concentration in the leachate cannot be greater than one

twentieth the metal concentration in the solid sample. Thus, total metals data can be classified as 

not of concern if it is less than the TBC factor of 20 times TCLP criteria (Table 5-2). RCRA 

hazardous corrosivity criteria are exceeded if pH is less than or equal to 2, or greater than or 

equal to 12.5 (Table 5-2). 

RCRA LDRs are treatment standards for the allowable land disposal of restricted 

wastes. The listed constituent concentrations may not be exceeded in the waste or treatment 

residuals. RCRA LDRs are considered TBCs at Wilcox refinery for an initial evaluation of on

site treatment requirements (Table 5-1 ). The State of Oklahoma OCC UST Program has levels of 

chemical constituent concentrations that confirm a release to native soils and/or ground water. 

The OCC UST program release concentrations and corrective action levels are considered TBCs 

at Wilcox for BTEX compounds and TPH (Table 5-1). 

2c,-:;:-:ea pager 
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Several TNRCC RRSs are identified as TBCs: the soil/air and ingestion standard for 

residential use (SAI-Res), the ground water protection standard for residential use (GWP-Res), 

and ground water standards. 

• SAI-Res is the concentration in residential soil that is protective of human health 
considering cross-media contamination of air, and hHman ingestion and inhalation 
pathways from contaminated surface and subsurface soil; 

• GWP-Res is the concentration in residential soil assumed protective of ground water 
considering cross-media contamination of ground water from contaminated 
subsurface soil; and 

• Ground water standards are the allowable concentrations of a contaminant in ground 
water for residential exposure conditions. 

As required by the RRS, the Federal Primary Drinking Water Regulations, Code of 

Federal Regulations (CFR) 141, Maximum Contaminant Levels (MCLs) should be used to 

evaluate ground water contamination. For the constituents detected at this site, the ground water 

standards are the same as the MCLs. Additionally, as allowed by the RRSs, other criteria can be 

used to evaluate constituents that may present an objectionable characteristic (e.g., bad taste and 

odor) or can make a natural resource unfit for use. 

The following sections discuss the site-specific analytical data and TBCs for 1) oily 

waste and surface soil (less than 1 foot bgs) from the ESI, and 2) subsurface soil (more than 1 

foot bgs), ground water, and surface water from the START field investigation. The maximum 

concentrations detected at Wilcox refinery are compared to the identified chemical-specific 

TBCs. 

5.1.1 Oily Waste and Surface Soil 

Analyte concentrations detected in oily waste and surface soil samples collected during 

the ESI (Table 2-2) were compared to RCRA LDRs or a factor of 20 times TCLP criteria; 

Oklahoma UST action and cleanup levels, and the TNRCC GWP-Res and SAI-Res standards 

(Tables 5-1 and 5-2). TBC values were available for six of the eight organic analytes detected 

significantly above background concentrations in oily waste or surface soil. Phenanthrene, 

pyrene, and TPH were detected in oily waste at concentrations exceeding one or more of their 

respective TBC values (Table 2-2). No organic analytes detected in surface soil exceed any of 

their respective TBC values. 

TBC values were available for eight of the 16 metals and cyanide detected significantly 

above background concentrations in oily waste and surface soil: antimony, arsenic, barium, 

beryllium. lead, mercury, selenium, and silver. Unlike metals such as magnesium and iron, 
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which are essential nutrients at low levels, these eight metals can be toxic at low levels. Of the 

heavy metals, antimony, arsenic, beryllium, and lead were detected in oily waste at 

concentrations exceeding one or more of their respective TBC values. Lead was detected in 

surface soil at concentrations exceeding one or more identified TBC values (Table 2-2). 

5.1.2 Subsurface Soil 

Analyte concentrations detected in subsurface soil samples collected by START for this 

investigation were compared to RCRA LDRs, Oklahoma UST action and cleanup levels, and the 

TNRCC GWP-Res and SAI-Res standards (Table 5-1). 

Wastes related to the petroleum refining industry have land disposal restriction TBCs for 

treatment residuals with specific constituents. RCRA LDRs exist for 11 of the 22 organic 

analytes detected, including TPH. The following nine compounds exceeded RCRA LDRs for 

refinery waste: ethylbenzene, toluene, xylenes, anthracene, benzo(a)anthracene, benzo(a)pyrene, 

chrysene, phenanthrene. and pyrene. 

The OCC has action and. cleanup levels for BTEX compounds and TPH in soil at UST 

sites. Maximum site concentrations of all BTEX and TPH constituents at Wilcox refinery 

exceed one or both OCC standards. 

Pre-calculated GWP-Res and SAI-Res values exist for 11 of the 22 organic analytes 

detected, not including TPH (Table 5-1) .. Of these 11 compounds, only benzene was detected in 

subsurface soil at a concentration exceeding both RRSs. Ethylbenzene, toluene, xylenes, 

fluoranthene. fluorene, and pyrene were detected at concentrations exceeding their GWP"Res 

values. 

RCRA TCLP criteria exist for seven of the 21 metals detected in subsurface soil at 

Wilcox refinery. Potentially hazardous concentrations exceeding 20 times TCLP criteria were 

only detected for iead. For presentation purposes, exceedances of any TBC and total metals 

results that exceed 20 times TCLP criteria are highlighted in Table 5-2. 

Pre-calculated GWP-Res and SAI-Res standards exist for 11 of the 23 metals detected in 

subsurface soil samples: antimony, arsenic, barium, beryllium, cadmium, chromium, lead, 

mercury, nickel, selenium, and silver (Table 5-2). Three of these metals (arsenic, beryllium, and 

lead) were detected at concentrations exceeding both RRSs. In summary, the contaminants in 

subsurface soil include all BTEX compounds and TPH, eight P AHs ( anthracene, 

benzo(a)anthracene, benzo(a)pyrene, chrysene, fluoranthene, fluorene, phenanthrene, and 

pyrene), and eight metals but most significantly lead. 
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5.1.3 Ground Water 

Organic analyte concentrations detected in ground water samples were compared to 

Texas RRSs, maximum concentrations in ground water for residential exposure. and soil TBCs 

(Table 5-1). Texas RRSs for ground water only exist for benzene, ethylbenzene, and toluene, 

and maximum site concentrations for benzene and toluene exceed these TBCs. The maximum 

benzene concentration in ground water also exceeds most soil TBCs. Metals were not analyzed 

in water samples at Wilcox refinery. 

5.2 Contaminants of Concern 

Based on their presence at concentrations exceeding one or more identified TBCs, the 

contaminants of concern (COCs) associated with various media at the Wilcox refinery site are: 

• ESI oily waste: phenanthrene, pyrene, TPH, antimony, arsenic, beryllium, and lead 
(Weston 1997); 

• ESI surface soil: lead (Weston 1997); 

• Sediment: none; 

• Subsurface soil: benzene, ethylbenzene, toluene, xylenes, anthracene, benzo(a)
anthracene, benzo(a)pyrene, chrysene, fluoranthene, fluorene, phenanthrene, pyrene, 
gasoline, TPH, antimony, arsenic, beryllium, cadmium, chromium, lead, mercury, 
and nickel; 

• Ground water: benzene and toluene, and in addition TPH presents an objectionable 
taste and odor making shallow ground water at the site unfit for use: and 

• Surface Water: none. 
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Soil Water 
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670 0.087 
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·-···· .... -
920• --

<620 --
.. 2,809i --

<620 --

Table 5-1 

EXAMPLE REGULATORY CRITERIA 
TO BE CONSIDERED MATERIALS, ORGANICS 
WILCOX REFINERY. BRISTOW. OKLAHOMA 

RCRA' Oklahoma UST' Oklahoma UST' TexasRRSs' TexasRRSs' 
LO Rs Action Level Cleanup Level 2 GWP·Res SAi-Res 

(m•ilrn) (nnm) (nnm) (m•ik•) (m•ik•) 
:· : ·-: ... -;<: -~ iifr''' \...;, ,,; ;! - ',\ 

l . r:: .. :~.:;-~:'.'.'..:: ····•in•·· ·····"''' . ·.•· 
.'· •• " ~ ' 

.. . -i ';.;·, p. ·. 

14 0.5 5 0.5 1.33 

14 15 150 70 11,400 

14 40 400 100 3,580 

22 200 1,000 1,000 54,700 

. 
.. ·::fit;!n:;:(:c;!:;\:ild°i'.~l:::.> .: ··:. ·. 

·.- '' .;-''.'"::i,-,<· ' .. ; .. f ·.···· •·;'>I i '(-·-'1" :'.'.!\'1' 
. . . ·! •• ·. ;• ;>Ji.• ; . ;. · .. 

-- ·- -- 219 13,400 

-- -- -- -- --

28 -- -- 1,100 59,100 

20 -- -- -- --

-- -- -- -- --. 

·- -- -- -- --
12 -- -- -- --

-- -- -- -- --

15 -- -- -- --

-- -- -- -- --



[ 
. 

[ Site Max.1 

Soil Water 
(m•"'•) (ml!/L) 

I Semi;'voJ~tlles (Cont'd) • " .. ,. 
Fluoranthenc .•·· 4,000 --

.·'•·"···· 
.·· 

Fluorene 540' --

Indeno( 1,2,3-cd)pyrenc <250 --

1-Mcrhylnaphthalcnc 17 --

2-Methylnapthlhalene 7,000 --
Naphthalene <2,500 --

Phenanthrene 
.:,,,'' ' ··.•· . 

~1;000:: --
Pyrene 

··-:'-\''"' 

\rk1:;:'.1:-;;_::z;sqp --
-- -/:- -, '.\;:. ' j; '• )·.:.' ' ,;:~ · .. : ... _ 

Hydr()tj,rlio!Js ·· ··· ··· ,·, ,- 1':' ' '.'.' ''"!' 

Gasoline (C6-CIO) 

TPH (C6-C28) 

Key at end of l~1hle. 
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Table 5-1 (Cont.) 

EXAMl'Llc ll1':GULATOllY CRITEl{IA 
TO BE CONSIDERED MA TERlALS, ORGANICS 
WILCOX REFINERY, BRISTOW, OKLAHOMA 

RCRA' Oklahoma UST' Oklahoma UST' Texas RRSs5 Texas RRSs' 
LDRs Action Level Cleanup Level 2 GWP-Res. SAi-Res. 

(m•"'•) (nnm) (nnm) (m•"'•) (m•"'•l 

... , ' '':•/• .·•·;.: ... ' ''. +~·!';~ , 'L' ' '1_,;· :., ~\ 1:,· .. >·· '•···· . ,,, !: ; 
,:; '.,_:_," ;.·· ''.'';:i·;_1!' . . .,.. 

-- -- -- 146 11,000 

-- -- -- 146 9,600 

-- -- -- -- --

-- -- -- -- --

-- -- -- -- --

42 -- -- 146 4,910 

34 -- -- -- --
36 -- -- 110 8,020 

' .. _._:~···_:·: ... ,, ': _,,·' ' ' '' .. .· :.• ' .. ,:: :''"''' ' ; : ., . .. · ... . . ': '•""' .... ." .-- .. ,.,,.._, ,.' .-··· _ .. :--•· '; r:·\-''":: 
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-- 50 500 -- --
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6 
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'.1 
() 

t!, 

'l'ahlc 5-1 (Cont.) 

Key: 
Blank spaces denote.no data or no standards available 

Shaded and bold results exceed one or 1norc TBCs 

I - Maxinn11n site concentration in soil and water 
2 - Resource Conservation and Recovery Act (RCRA) land disposal restrictions (LDRs), 40 CFR 268.43 
3 - Oklahoma Corporation Commission (OCC), Underground Storage Tank (UST) Program 
4 - OCC UST Cleanup Level 2 
5 - Texas Risk Reduction Stand;ird {RRS), C.nnind Water Protcdion (C\VP) fnr Residential Use 
6 - Texas RRS Soil/Air and Ingestion (SAi) St:.indard for R!.!sit.lcntial Use, 1'AC 335.568 
7 - Texas RRS Ground Water (GW), 1naximum concentration in GW for residential exposure conditions 
8 - St;1te ofWushington, Class 3 soil suitable for disposal on site 

n1g/kg 
mg/L 
pp111 
TPll 

f'v1illigr:11ns per kilogra1n 
Milligrains per liter 
Parts per million 
Total petroleum hydrocarbons 
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Table 5-2 

EXAMPLE REGULATORY CRITERIA 
TO BE CONSIDERED MATERIALS, INORGANICS 

WILCOX REFINERY. BRISTOW. OKLAHOMA 

SiteMax.1 RCRA' TexasRRSs' 
Soil 20xTCLP GWP-Res 

Analvte (""'/ka) (nnm) (malka) 

Metals 

Aluminum 11,300 . 
·.~--~-~-~:~·~-~;fA-Antimony 

1 
..... _,,~. 

Arsenic .... •.11"4 100 

Barium 171 

':~; ·' i· 

54; .--

Beryllium O:Sl 
.. 

Cadmium ..•... · ... 

Calcium 

Chromium •••• .. 
Cobalt 

Copper 

Iron 

Lead •• 

~1agnesium 

~1anganese 

~1ercury .. 
i\ickel T 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

I oH 

Key on next page. 
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'¥ 20 

18,400 

.... ~s:~·" 100 · .... 
9.8 

122 

37,300JK 

. •[; H#Olf 100 

9,910 

1.100 JL 

...... 0;39 4.0 

. ilili . 

1,820 JK 

I.I 20 
. 

2.3 100 

4.690 JK 

0.54 

27.7 

83.8 JK 

2.3 to 9.5 <2or>l25 

TexasRRSs4 

SAi-Res 
(~"'") 

0.6 110 

5 0.366 

200 19,100 

0.4 0.149 

0.5 137 

IO 391 

1.5 500 

0.2 82.3 

IO 1,560 

5 1,370 

18.3 1,370 

I 



Table 5-2 (Cont.) 

Key: 

Results that are shaded and bold exceed one or more TBCs 
Blank spaces denote no data or no standards available 

1 - Maximum site concentration in soil 
2 - Derived criteria for solid waste from 20 times RCRA Toxicity Characteristic Leaching Procedure (TCLP), 40 CFR 261.24 
3 - Texas Risk Reduction Standard (RRS), Groundwater Protection for Residential Use, TAC 335.568 
4 -Texas RRS, Soil/Air and Ingestion (SA!) Standard for Residential Use, TAC 335.568 
5 - RCRA hazardous waste criteria for corrosivity, 40 CFR 261.22 

mg/kg 
ppm 

Milligrams pe~ kilogram 
P,arts per million 
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6 Findings 

The objectives of the site assessment under the NCP were to document the extent of spill 

impacts, determine threat to navigable waters of the United States, and evaluate the necessity for 

removal action. The following findings are based on site activities conducted by START in 

1998, and on the evaluation of analytical data from this investigation and from the previous ESI 

(Weston 1997), 

1. The Wilcox refinery site is a former oil refinery and tank farm of approximately 98 
acres located to the northeast of Bristow, in Cryek County, Oklahoma. The refinery 
and associated tank farm operated from the 1920s until the 1960s, when the site was 
abandoned and most steel structures were salvaged and removed. The site is also 
bordered to the northwest and west by former refinery and tank farm sites. 
Currently, the site has four owners:  (79-acre tank farm),  

 (18-acre former refinery),  (3.6-acre lot), and Sun Oil 
Company ( 1.1-acre active pipeline ROW and former pumping station area). 

2. The Wilcox site has a number of refinery waste source areas of concern including: 
a backfilled oily waste pond (Pond l); a breached settlement pond (Pond 2); a 
backfilled "oily waste pit"; an unvegetated former pond apparently backfilled with 
solid refinery waste; two backfilled ponds on the property; ten former large 
aboveground storage tank bermed areas affected by minor tank bottom sludge; 
numerous areas of affected soil on the refinery area and former pumping station; and 
solid and liquid tarry waste that has directly affected the lower reaches of Tribu-
tary !. 

3. EPA completed a Site Identification form on June 7, 1994, and ODEQ completed a 
PA for the Wilcox site and the adjacent refinery and tank farm sites on 
December 15, 1994. An ESI was completed by Weston for the ODEQ in March 
i 997. Field work for the NCP site assessmem was conducted by START from April 
to August 1.998. 

4. ESI results indicated high concentrations ofTPH, lead, and some PAHs in oily 
waste at numerous locations on site, and high concentrations of lead in the 
unvegetated area soil, so these waste sources were not sampled further by START 
for this NCP site assessment. 
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5. Subsurface geologic conditions at the site generally consist of a thin (0 to 10 feet) 
brown, silty sand layer above weathered red sandstone. Seasonal perched water is 
present in thin lenses above the sandstone, but the shallowest saturated sandstone 
aquifer on site is estimated at 45 to 60 feet bgs. Rainfall runoff and shallow 
subsurface ground water flow follow the topography south and east or west toward 
Tributaries I and 2 on site, and toward Sand Creek to the south. 

6. START collected 55 subsurface soil samples, eight ground water samples, four 
surface water samples, two sediment samples, and 12 field QC samples. Samples 
were submitted for laboratory analysis of volatile BTEX compounds, semi-volatile 
PAHs, TPH, metals, and pH. 

• Subsurface soil sample results confirm the presence of significant concentrations 
of all BTEX compounds, eight PAH compounds including benzo(a)pyrene, seven 
metals but most significantly lead, and TPH. All these contaminants of concern 
appear to be related to the disposal and abandonment of refinery waste on site. 

• Sediment sampling results and shallow subsurface soil sampling results in the dry 
stream bed of Tributary 1 and Pond 2 confirm the presence of elevated 
concentrations of four P AH compounds including benzo(a)pyrene, as well as lead, 
and TPH. Attribution of metals contamination in the Tributary 1 stream bed is 
problematic due to significant upstream sources of lead contamination. However, 
lead in Pond 2 sediment, and PAHs and TPH in the lower reaches of Tributaty 1 
are significant sources of potential surface water contaminant migration on site. 

• Ground water sampling results for organic compounds detected elevated 
concentrations of BTEX compounds and TPH at several distinctlocations on site. 
Attempts to define plume boundaries proved unsuccessful and the potential 
shallow ground water to surface water migration pathway at sample sites GW!, 
GW2, GW4, and GW5, appear insignificant. The GW3 water sample was from 
shallow saturated soil adjacent to Tributary I and is indicative of contaminated 
soil pore space water in contact with surface water. 

• BTEX compounds and TPH were not detected in surface water samples. Samples 
were collected during dry conditions with no flow in Tributaries l and 2. START 
observed visible sheens on on-site runoff after a storm event in April 1998; 
however, no release to surface water was recorded. 

• The laboratory data package was evaluated using standard EPA validation 
procedures. Numerous data were qualified as estimated and a total of 55 metals 
data points were rejected mainly due to poor spike recoveries. Further evaluation 
of data quality was performed using P ARCC parameters, with the overall usability 
of the data being acceptable and the analytical completeness ranging from 96% for 
metals to 100% for BTEX and PAHs. 

7. Approximately 73,000 cubic yards of oily waste and contaminated soil, and 3,000 
gallons of liquid waste was identified at 18 source areas on the Wilcox refinery site. 
This waste volume estimate does not inciude known areas of contaminated ground 
water on site, or the quantity of oiiy liquid observed entering the lower reaches of 
Tributary 1 from the  property via a buried pipeline. In addition, the volume of 

·-?eve:' a:: ;:;c_oer 
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contaminated soil on the former refinery site and pumping station area in particular 
are unknown, and can only be determined by a systematic and comprehensive drilling 
and sampling program. 

8. A total of five people live on site, at the  residence (two adults), and  
residence (two adults and one child). Based on limited surface and subsurface soil, 
and perched ground water sampling results, both residences are located on 
significantly contaminated waste source areas. The  residence is a former 
office at the main gate truck fuel loading facility and the  residence is built on a 
backfilled refinery pond surrounded by other waste sources. Relocation or removal 
action at both residences is warranted. 
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DRILLING LOG OF \/Vi:::LUBORING NO. SB-X 

ProjecULocation: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: Exploratory boring southeast of former sludge 

Pond 1. 

Date Started/Finished: =2.:.7.:.A.:cpccn::..·1-'-1'-99'-8"/----------

Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: GeoProbe - Direct Push 

:r . 
!;: 
UJ a 

WELL 
COMPi:.ETIQN 

DIAG!V\M 

g I Monitoring well was 
~ I not installed at this 
Cl) g ~ j boring location. 

"' "' o I " "' " ::i:::,.~ I 
~Ui:§' ground surface (gs) 

Total Depth of Hole (feet BGS): 

Ground Elevation (feet above): 

Inner Casing Elevation (TOC): 

Groundwater Depth (feet BGS): 

First Encountered: 'l.. 0.0 

Geologist: Paul D. James, P.G. 

Page 1of1 

6 

Unknown 

N/A 

Final: !'. 

Hydrated 
Bentonde Seal. 

SP - Uniformly brown silty 
~+-~0~·4~ fine-medium SAND, subangular, 

moderate sorting, clast supported 
(feldspar, quartz, and trace .roc.k 
fragments), wet. 

No analytical samples were collected 
at this exploratory boring. 

2 

31 
1 

,j 
I 

i 
H 

.~ 

8 

,J 

. 1 

6.0 

Noted trace rootlets throu hout. 
SW - Mottled orange'red-brown 
fine-medium SAND with trace fines, 
subangular, well sorted, clast 
supported (feldspar & quartz), 
moist. 
Noted trace natural organic staining 
at 2-feet bgs. 

Refusal at 6-feet bgs. End of 
Boring. 

4.0 

2.0 

Due to 4-inches of rainfall on 26 April 
1998, ground surface was saturated 
with water. 

I 

WELL_LOG WILCOXGPJ 7-6-981 
I 



DRILLING LOG OF \/11..::LUBORING NO. SB-01 Page 1of1 

ProjecULocation: Wilcox Refinery I Bristow. Oklahoma Total Depth of Hole (feet BGS): 11 

Boring Location: Boring located on  property. west of  Ground Elevation (feet above ): ~U_n_k_n~ow_n ___ _ 

Pond. Inner Casing Elevation (TOC): _N_/A ______ _ 

Date Started/Finished: =2'-7'-A"'p'"'ril:._1:..:9:..:9.::8:._/ ---------

Drilling Contractor. Ecology & Environment, Inc. 

Groundwater Depth (feet BGS): 

First Encountered: 'l. 0.0 Final: :-r: 
Drill Method: GeoProbe - Direct Push 

F= a..; 
:!:l 

2 

3 

4 

5~ 
6~ 
7~ 
8~ 
9 

10 

WEU. 
CQMpLETjON 

DIAGRAM 

Monitoring weU was 
not installed at this 
boring location. 

Hydrated 
Bentonite Seal 

4.0 

7.0 

Geologist: Paul D. James. P. G. 

SOlllROCK 
DESCRIPTION . 

ground surface (gs) 

SP - Mottled to variable orange
brown-blacK fine to medium SAND 
with trace rlnes. subangular, well 
sorted, clast supported (feldspar & 
quartz), wet. 

Noted black staining with strong 
petroleum odor throughout. 

SP - Variably brown-red grading to 
red, fine-medium SAND with trace 
fines. subangular. well sorted, clast 
supported (feldspar & quartz), wet. 

Noted black staining with strong 
petroleum odor throughout. 

SP - Variably brown-red-orange
black. fine-medium SAND with 
trace fines, subangular, well sorted, 
clast supported (feldspar & quartz), 
wet. Observed trace clay lenses 
throughout. 

Noted black staining with strong 
etroleum odor throu hout. 

4.0 

3.0 

3.2 

P!D' 
[FIDF 
(ppm) 

COMMENTS 

Collected Sample SB01-06 
(0-0.5 feet bgs). 

Collected Sample SB01-1011 
(10-11 feet bgs). CH - Mottled light gray-red silty 

'--'--'"""'-'CLAY, high plasticity, firm cohesive 11 1-+--+-t---lDue to 4-inches of rainfall on 26 April 
1998, ground surface was saturated 
with water. Petroleum sheen on wate1 
was noted in the vicinity of the boring. 
PIO/FID readings were unreliable due 
to faulty equipment. 

12 

13 

14 

strength, matrix supported, sharp 
upper contact, dry. 
Noted slight odor, no staining 

bserved. 
No recove 
Refusal at 11-feet bgs. End of 
Boring. 

''('O[O!?~' and (•n,-i;onnweLL LOG WILCOX.GPJ 7-8-9£ 
e~0J.-,,gy and cnvb:-70,meni -

(b) (6) (b) (6)



DRILLING LOG OF v~..:LUBORING NO. SB-02 Page 1of1 

Project/Location: Wilcox Refinery I Bristow, Oklahoma Total Depth of Hole (feet SGS): 2.1 

Boring Location: Southeast of Pond 1 . Ground Elevation (feet above ): Unknown 

Inner Casing Elevation (TOG): _N_IA _____ _ 

Date Started/Finished: .:.0.:..1.:.J.:.un;.;.e:c..:.19.:.9.:.8:.:.i __________ _ Groundwater Depth (feet SGS): 

Drilling Contractor: Ecology & Environment, Inc. First Encountered: ')/_ NIA Final: '!' 

Drill Method: GeoProbe - Direct Push Geologist: Paul D. James, P.G. 

3 

. WELL 
COMPLETION 

•· ·•·• DlAGRAlill 

Monitoring well was 
not installed at this 
boring location. 

Hydrated 
Bentonite Seal 

0.9 

2.1 

5011.IROCK 
DESCRIPTION 

ground surface (gs) 

SM - Uniformly brown SIL TY 
SAND, subangular. moderately 
sorted •. matrix supported (feldspar 
& quartz), moist. 

SP - Mottled orange-red SAND with 
trace fines, subangular. well sorted. 
clast supported (feldspar), moist. 

Refusal at 2.1 feet. End of boring. 

I ~ecology and environment, inc. 

2.1 

1111 

PIO•' 
[FID] 
(ppm) 

0 

0 

0 

COMMENTS 

Collected Sample SB02-12 (1-2 feet 
bgs). 

WELL_LOG WILCOXGPJ 7~-98 



DRILLING LOG OF VV'-LUBORING NO. SB-03 Page 1 of 1 

Project/Location: Wilcox Refinery I Bristow, Oklahoma Total Depth of Hole (feet SGS): 1.5 

Boring Location: South of Pond 1. Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOG): _N_IA ______ _ 

Date Started/Finished: ~01-'-J_un_e_1_99_8_i __________ _ Groundwater Depth (feet SGS)· 

Drilling Contractor. Ecology & Environment, Inc. First Encountered: 'SI. NIA Final: !' 

Drill Method: GeoProbe - Direct Push Geologist: Paul D. James, P.G. 

2 

3 

4 

WELL 
COMPLETION 

DIAGRAM 

Monitoring well was 
not installed at this 
boring location. 

Hydrated 
Bentonite Seal 

(!) 

g 
0 

I 

0.6 

1.5 

SOIUROCK 
DESCRIPTION 

ground surface (gs) 

SM - Uniformly brown SIL TY 
SAND, fine, subangular, 
moderately sorted, matrix 
supported (quartz & organics), dry. 

SP - Mottled nrange-red SAND with 
. race fines, ~· ibangular, well sorted, 
clast supported (feldspar & quartz), 
moist. 

Refusal at 1.5 feet. End of boring. 

~ 

!z g 
.::> ~ g w 

•S: ~ ~ g 0 
uiJ w 

al a: _, 

1.5 

Pl.D 
[FID) 
(Ppm) 

0 

0 

0 
Collected Sample 5603-01015 (1-1.5 
feet bgs). 

<'l"OioeY und enYironriMiU._LOG WILCOX.GPJ 7-6-98 
e'f:ologf:/ 0;.\;:': ""'''"·::~cn"''ent 



I DRILLING LOG OF V\ri.::LL/BORING NO. SB-04 Page 1 of 1 

I Project/Location: Wilcox Refinery I Bristow, Oklahoma Total Depth of Hole (feet SGS): 

Boring Location: Southwest of Pond 1. Ground Elevation (feet above): 

5 

Unknown 

Inner Casing Elevation (TOG): _N_IA ______ _ 

Date Started/Finished: .:.0.:_1..:.J.:;;unc::e:....:.19:..:9:..:8:.ci __________ _ Groundwater Depth (feet SGS): 

Drilling Contractor: Ecology & Environment, Inc. First Encountered: 'l NIA Final: l' 

Drill Method: GeoProbe - Direct Push Geologist Paul D. James, P.G. 

z ! . o e 

~ t 
~· w 
~ c 

2 

3 

I 

i 
'l 
5 

6 

7 

8 

9 

'WELL 
COMPLETION 
• Dli\GRAll« 

Monitoring well was 
not installed at this 
boring location. 

Hydrated 
Bentonite Seal 

1.8 

4.0 

SOIUROCK 
DESCRiPTION. 

ground surface (gs) 

SM - Uniformly brown SIL TY 
SAND, fine, angular, mocjerately 
sorted, matrix supported (quartz & 
organics), dry. 

SP - Mottled orange-red SAND with 
trace fines, fine to medium, 
subangular, well sorted, matrix 
supported (feldspar & quartz), 
moist. 

SP - Mottled orange-red, fine to 
medium SAND with 20% fines, 
subangular, well sorted, matrix 

f-"'-t--'5=.oc., supported (feldspar & quartz), 
moist. 
Noted trace petroleum staining with 
Ii ht etroleum odor at 4-feet b s. 

Refusal at 5.0 feet. End of boring. 

4.0 

1.0 

PIO 
lflDJ 
(P~l · 

0 

0 

0 

.. COMMENTS 

Collected Sample 5804-0405 (4.0 -

0.4 5.0 feet bgs). 

I ~ecology and environment, inc. 
WELL_LOG WlLCOX.GPJ 7-6--981 



DRILLING LOG OF Vv...:LUBORING NO. SB-05 Page 1 of 1 

Project/Location: Wilcox Refinery I Bristow, Oklahoma Total Depth of Hole (feet SGS): 20 

Boring Location: Southeast end of property. Ground Elevation (feet above ): Unknown 

Inner Casing Elevation (TOC): '--N"'/A-'------

. ·Date Started/Finished: ~0-'1-'J.:.u:.:.ne::....:1.:.9.:.98::.:i __________ _ Groundwater Depth (feet BGS): 

Drilling Contractor: Ecology & Environment, Inc. First Encountered: 51. 15.5 Final: '! 

Drill Method: GeoProbe - Direct Push 

WElL g z·-- 1i' COMPLETION• 
o· g DIAGRAM 0 
~ F" 

:c·· 
> 

~· w . a.: ..... W· 
w 0 Cl 

i 1l 
Monitoring well was 

{g not installed at this 
" Cl) " " 

boring location. 
-g~ 6 
~~~ e <ll c:: 

<.!1 LU ::l 

Hydrated• 
Bentonite Seal • 

2 

3 
3.0 

4 
4.0 

5 

6 

7 

8 
8.0 

9 

10 

11 

12 
12.0 

13 

14 

15 
15.0 

16 

17 

18 

19 

20 

21 

Geologist: Paul D. James, P.G. 

SOIL/ROCK 
DESCRIPTION 

ground surface (gs) 

SM - Uniformly brown SIL TY 
SAND, fine, subangular, 
moderately sorted, matrix 
supported, mmst. 
Noted trace black oil-like product 
throu hout. 
No recove 
SW/SM - Uniformly gray-brown 
SILTY/CLAYEY SAND, fine, 
subangular, well sorted, low 
plasticity, firm cohesive strength, 
matrix supported, moist. Upper 
contact - gradationai. 
Noted slight staining throughout 
with etroleum odor. 
MLS - Mottled orange gray SANDY 
SILT with some CLAY (-25%), low 
plasticity, soft cohesive strength, 
moist. 
Noted strong petroleum odor 
throu hout. 
MLS - Mottled orange gray fine 
SANDY SILT with some CLAY 
(-25%), low plasticity, soft cohesive 
strength, moist grading wet. First 
water encountered at 15.5 feet bgs. 
Noted sheen in water with slight 

etroleum odor throu hout.---
No recove 
MLS - Mottled orange gray fine 
SANDY SILT with some CLAY 
(-25%), low plasticity, soft cohesive 
strength, saturated. 
Noted sheen and strong petroleum 

dor throu haul. 
N recove 
End of boring at 20 feet bgs. 

i: 

··~ 
g 

::> >-
8 a: 

•·s: § 
8 w 
IQ a: 

3.0 

4.0 

4.0 

3.0 

2.0 

PIO 
[~Ip] COMMENTS 
(ppin) 

~ '1,, 

·-" w· 
-'. 

Collected Sample S805-0102 (1.0 -
40 2.0 feet bgs). 

Collected Sample 5805-0405 (4.0 -
5.0 feet bgs). 

20 

5 

5 Collected Sample S805-1415 (14 -15 
feet bgs). 

300 

t•f'olog~: a.nd e~ .. ironil9Y1BJl._LOG WILCOX.GPJ 7-6-98 
<':(%..lklf;J ,7;,\Hi \O),Y?TUl'-Cr-.e2t 



DRILLING LOG OF VV...:LUBORING NO. SB-06 Page 1of1 

Project/Location: Wilcox Refinery I Bristow. Oklahoma Total Depth of Hole (feet SGS): 2.2 

Boring Location: South-central tank berm area. Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOG): _N_IA ______ _ 

Date Started/Finisned: _02_J_un_e_19_9_8_i __________ _ Groundwater Depth (feet SGS): 

Drilling Contractor: Ecology & Environment, Inc. First Encountered: ~ NIA Final: :f 

Drill Method: GeoProbe - Direct Push Geologist: Paul D. James, P.G. 

.WELL 
COMPLETION 

DIAGRAM 

~ Monitoring well was 
::: i not installed at this 

Cl) t::: t::: boring location_ 
~~~ 
::i ~~ 
2..!E c::: 

1<.::>lU::::i 

i 
2~ 

3 

Hydrated 
Bentonite Seal 

2.0 

SOIUROCK 
DESCRIPTION 

ground surface (gs) 
ML - Uniformly brown-red, fine 
SANDY SILT, medium plasticity, 
loose cohesive strength, matrix 
supported, moist. 

SP - Mottled orange-red SAND with 
>---+-~2~·2o., trace fines, subangular, well sorted, 

clast supported (feldspar & quartz), 
oi t. 

Refusal at 2.2 feet bgs. Noted 
weathered arkosic sandstone in 
foot of macro-sampler. End of 
boring. 

.tr 
~ 

g 
::> )-

0 o::· 
9 w 

1:i ·s: ·9 0 w 
"' a:. 

2.2 

I I 

·~ 
~ 
..... 
w ..... 

PIO 
[FIO] 
{ppm) 

0 

0 

Collected Sample SBQ&-0102 (1.0 • 
2.0 feet bgs). 

l 
WELL_LOG WILCOX'._GPJ 7-6-98 I 



DRILLING LOG OF v~~LUBORING NO. SB-07 Page 1of1 

Project/Location: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: West of oily waste 'Pit'. 

Date Started/Finished: .::02::..::J.::u::.ne::.....:1.::99=-8:::/ __________ _ 

Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: GeoProbe - Direct Push 

WELL C) 

z i'. COMPLETION · g 
0 ~ DIAGRAM Q 

~ :i: :r ..... ·~· a. 
-' w: 
W· c (!) 

.. 
" Monitoring well was {'! not installed at this 
" 

SOIL/ROCK 
DESCRIPTION 

Total Depth of Hole (feet BGS): 5 

Ground Elevation (feet above ): Unknown 

Inner Casing Elevation (TOG): :..N::.:/A_:.._ _____ _ 

Groundwater Depth (feet BGS): 

First Encountered: 'ii- NIA Final: !'. 

Geologist: Paul D. James, P.G. 

COMMENTS. 

"' <: <: boring location. 
,.,,.!2~ 

c:- 0 
~ ~ t::: e (I)~ 
"' iij :::i 

Hydrated l Bentonite Seal 

2 

3 
3.0 

40 

I 5 
5.0 

6 

' 

8 

9 

ground surface (gs) 

SM - Uniformly brown SIL TY 
SAND, fine, subangular, 
moderately sorted, matrix 
supported, moist. 

SP - Mottled orange-red SAND with 
trace fines, subangular, well sorted, 
clast supported (feldspar & quartz), 
moist. U er contact - shar . 
SC - Mottled orange-gray-brown 
CLAYEY fine SAND, subangular, 
moderately sorted, medium 
plasticity, soft cohesive strength, 
clast su orted moist. 
Refusal at 5.0 feet bgs. End of 
boring. 

4.0 

1.0 

0 

CoUected Sample 8807-0405 and 

0 duplicate 88070-0405 (4.0 - SJ' 
bgs). I, 

t 

,·,•oloe:,· nnd environnWE.1._LOG WlLCOXGPJ 7-6-98 
(oc..;o;:tY;!;y ; ~:d snvifv:n<:><:::o~t 



DRILLING LOG OF V\t~,_L/BORING NO. SB-08 

Project/Location: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: Southwest of oily waste 'Pit'. 

Total Depth of Hole (feet SGS): 

Ground Elevation (feet above ): 

Page 1of1 

2 

Unknown 

Inner Casing Elevation (TOG): _N_iA ______ _ 

Date Started/Finished: ~02"'""J""u_ne_1_9_98_i __________ _ Groundwater Depth (feet SGS): 

Drilling Contractor: Ecology & Environment, Inc. First Encountered: 51. NIA Final: J: 

Drill Method: GeoProbe - Direct Push 

WElt § z if COMPLETION 
0 ~ DIAGRAM 0 

~ :c z 
> I;: :~ ~·· ~- UJ: . 

:-w Cl (!l 

1l Monitoring well was 
~ not installed at this 
" CJ) "' " 

boring location. 
'"g~~ 
::J~_Q 
e " "' (!) [j :::> 

Hydrated 
Bentonite Seal 

2.0 

3 

Geologist: Paul D. James, P.G. 

SOIUROCK 
DESCRIPTION 

ground surface (gs) 

SP - Mottled orange-brown SAND 
with trace fines, subangular, well 
sorted, clast supported (feldspar & 
quartz), dry grading to moist. 

Refusal at 2.0 feet bgs. End of 
boring. 

2.0 

PID 
IFIDJ 

..... {Pp~) 
:# 
__ ; 
w.; 
!!:)·' 

0 
Collected Sample SBOB-0102 (1.0 -
2.0 feet bgs). 

I 
i 

WELL_LOG WILCOX.GPJ 7-6-981 



DRILLING LOG OF Vv..:LUBORING NO. SB-09 Page 1of1 

ProjecVLocation: Wilcox Refinery I Bristow. Oklahoma 

Boring Location: South of oily waste 'Pit'. 

Total Depth of Hole (feei BGS): 2.2 

Ground Elevation (feet above ): Unknown 

Inner Casing Elevation (TOG): _N_iA ______ _ 

Date Started/Finished: _0_2_J_u_ne_1_9_98_i ________ ~-- Groundwater Depth (feet BGS): 

Drilling Contractor: Ecology & Environment, Inc. First Encountered: 'S/. NIA Final: :r: 
Drill Method: GeoProbe - Direct Push Geologist: Paul D. James, P.G. 

! 
I 
I 

2-j 
! 

3 

WELL 
COMPLETION 

DiAGRAM 

Monitoring well was 
not installed at this 
boring location. 

Hydrated 
Bentonite Seal 

2.0 

SOIUROCK 
DESCRIPTION 

ground surface (gs) 

SM - Mottled brown-orange SIL TY 
SAND, fine. subangular, 
moderately sorted. matrix 
supported, moist 

WR - Unifonniy red-brown 
2·2 weathered arkosic SANDSTONE. 

Refusal at 2.2 feet bgs. End of 
boring. 

!z 
::> 
0 
(.) 

§ 
d 
Ill 

i: 
~-
>-a: 
!ll ~ 0 ~ 
frl _, 

.·~ a: 

2.2 

PIO 
[flD] 
(ppm) 

0 

I
, Noted hard black asphalt material 
adjacent to boring location. 

I 

!
Collected Sample 5809-0102 (1.0 -
2.0 feet bgs). 

I 

environnWar.L_LOG WILCOX.GPJ 7-6-98 



DRILLING LOG OF \11,_LUBORING NO. SB-10 

Project/Location: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: West of  residence. 

Date Started/Finished: =02::...:.J;:;unc;e:....;_19=-9=-8::.i __________ _ 

Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: GeoProbe - Direct Push 

2 

3 

4 

WELL 
COMPLETION 

DIAGRAM 

Monitoring well was 
not installed at this 
boring location. 

Hydrated 
Bentonite Seal 

4.0 

SOil/ROCK 
DESCRIPTION 

ground surface (gs) 

SM - Uniformly brown SIL TY 
SAND, fine, subangular, 
moderately sorted, matrix 
supported, moist. 

WR - Uniformly red weathered 

4_3 arkosic SANDSTONE. 

Refusal at 4.3 feet bgs. End of 
boring. 

~ecology '"' ewirnomeot, ioo. 

Page 1of1 

Total Depth of Hole (feet BGS): 4.3 

Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOG): _N_IA ______ _ 

Groundwater Depth (feet BGS): 

First Encountered: 5l. NIA Final: !. 

Geologist: Paul D. James, P.G. 

4.0 

0.3 

PIO 
[F!Dl 
CPPml 

0 

0 

COMMENTS: 

Collected Sample SB10-0304 (3.0 -
4.0 feet bgs). 

I 
WELL_LOG WILCOX.GPJ 7-6-981 

(b) (6)



DRILLING LOG OF V\ii..:LUBORING NO. SB-11 

ProjecVLocation: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: -120-ft. north of  residence. 

Total Depth of Hole (feet BGS): 

Ground Elevation (feet above ): 

Page 1of1 

3 

Unknown 

Inner Casing Elevation (TOC): '-N"'/A-'---------

Date Started/Finished: _02_Ju_n_e_19_9_8_/___________ Groundwater Depth (feet BGS): 

Drilling Contractor: Ecology & Environment, Inc. First Encountered: 5l. N/A Final: ~ 

Drill Method: GeoProbe - Direct Push Geologist: Paul D. James, P.G. 
============-~~::=_-===:::::::==================-

2 

3 

4 

WELL 
COMPLETION 

DIAGRAM 

Monitcnna weu was 
not instauE:ct at this 
boring location. 

Hydrated 
Bentonffe Seal 

2.8 

S(:)IL!ROCK 
tlESCRIPTION 

ground surface (gs) 
SM - Uniformly brown SIL TY 
SAND. fine, subangular, 
moderately sorted, matrix 
supported, mo!st. 

SW - Uniformly tan, fine to medium 
l'-'-+-~3~·0,__, SAND with trace fine GRAVEL, 

subangular, well sorted, matrix 
supported, moist. Upper contact -
har . 

Refusal at 3.0 feet bgs. End.of 
boring. 

3.0 

PIO 
[FID]· 
(ppm) 

0 

0 

COMMENTS 

Collected Sample SB 11-0203 (2.0 -
3.0 feet bgs). 

(b) (6)





















































DRILLING LOG OF Vv _UBORING NO. SB-37 Page 1 of 1 

Project/Location: Wilcox Refinery I Bristow, Oklahoma Total Depth of Hole (feet BGS): 9 

Boring Location: Tributary 2, See Site Map Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOG): _N_/A _____ _ 

·Date Started/Finished: _04_A_u~g_us_t_1_9_9_8i __ · _________ _ Groundwater Depth (feet BGS): 

Drilling contractor: Ecology & Environment, Inc. First Encountered: 'l 6.5 Final: '!' 

I Drill Method: JMC - Direct Push, 1 in. dia. hole Geologist: L. Williams 

· ... ···. ..· 

. .. 
·. 1il" 

WELL G SOIUROCK 
I'- ,g PIO 

1il" COMPLETION g z 
-~ [FID] COMMENTS z DESCRIPTION :> 

0 ,g DIAGRAM (,) 0 (ppm) 
~· 

(,) w 
:i: :c 

~ 6 c ti: ll. 
w -~ (,) -' 
--' w U: ,.w w 
w Cl G . "' 0:: -' 

1l Monitoring well was 
{!! not installed at this 
" "' " " boring location. 
-g~ 6 
::l ~~ 

I e~ c:: 
) ' (!) UJ :::, ground surface (gs) 

j I Silty Sand (SW-SM) - mottled Sample taken from east bank of 
reddish brown - brown (5YR 5/8), Tributary 2 

fine grained, subangular, 
1- moderately sorted with silt 30%, . groundwater@ 6-7 feet. 

3.0 

2-

I 

'I 
I . 

I I ' ' J I I 

4- I 
I 3.0 . 

' 
5-

. . 

I ~ ~ 6-
Laboratory sample taken from 6 - 7 

1¥ : : foot interval 

7- I ;: 
I 

I 
. 3.0 

8-
1: :r' I 

I 
• L; 
:··vi 
. :;~ 

I 9.0 
9-

Total Depth - 9 ft . 

. 

'" 

~ ~ology aod e"'irn,me"t. inc. 
WELL LOG WILCQX.GPJ 9-29-SB . .. :·;:~)l~~f ~,~ n,~~."~~:!~~:'..~.~~~~n t -,,_ 



DRILLING LOG OF WL,_LfBORING NO. SB-38 

Project/Location: Wilcox Refinery I Bristow. Oklahoma 

Boring Location: Tributary 2, See Site Map· 

Date Started/Finished: ~0~4~A~u,,g_u_st_1_9_9_8_i _________ _ 

Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: JMC - Direct Push, 1 in. dia. hole 

I ... 
I .··· .· 

!z WELL. Cl. 
SOIUROCK 

o; COMPLETION. CY .... DESCRIPTION 

!~ ~ DIAGRAM• 0 
I :c 

I~ 
;- a. •. 
a. ~ w 
0 . (!) . . . . 

I~ Monitoring well was 

I " not installed at this 
I (/) C: C: boring location. I "0-9;: 
; sto g 
. 0 a;-::.:: 
: (5 lli :§ ground sutiace (gs) I 

Silty Sand (SW-SM) - mottled 
. reddish brown - brown (5YR 5/8), 

fine grained, suoangular, 
1- 51.:: moderately sorted with silt 30%. 

Moist soil at 1 ft. 

. 
2-

i 
I 

~ 3-j 
' 

' 
,_ 

5- . . . 
. 

6- . 

7-
/ 

8-

9.0 

i 9-
1 otal Depth - 9 ft. 

! '" 

n 

inc. 

Page 1 of 1 

Total Depth of Hole (feet SGS): 9 

Ground Elevation (feet above ): Unknown 

Inner Casing Elevation (TOC): :.:N::.:/A..:__ _____ _ 

Groundwater Depth (feet SGS): 

First Encountered: 51. 1 Final: y 

Geologist: L Williams 

' 

.-' ~ ; 51::- PID 
[FID] COMMENTS. ' a: 

u 81~ (ppm) 

~ ' .;;: 0 
0 () .... ' <). .. ) -'lw w 
Ill a:. .... . . , .. 

I 
I 

I I 
! i I 
i 

Sample taken from east bank of 
Tributary 2 

i 
I 
i Laboratory sample taken from the 0-1 
I 
i30 

foot interval 

I 
! 
I 
' 
. 

. 

I 

3.0 

'· 

I 
I 
I 

251 

I 

I 
! 
i 

I 

WELL_LOG WILCQX-GPJ 9-29-98 I 



DRILLING LOG OF W~ _LIBORING NO. SB-39 

ProjecULocation: Wilcox Refinery I Bristow. Oklahoma 

Boring Location: Tributary 2, See Site Map 

Date Started/Finished: :::.0:::.5.:..Ao:u:.'2gc::u:::st:...1:.:9:.:9:.:8:...i _________ _ 

Drilling Contractor: Ecology & Environment. Inc. 

Drill Method: JMC - Direct Push. 1 in. dia. hole 

. ·." - • .. .. . 
·. 

,_. 

WEll. (!) 
SOIUROCK 

ii' COMPLETION 0 z ..... DESCRIPTION 0 ~ DIAGRAM• 0 

~ :i:: '"" r 
Ii: .• a... 

.. . .. ~---' w .. ·:. w a (!) . . . 
. 

' 
1l Monitoring well was 

I 
~ not installed at this 
" "' " " boring location. 
-g:f55 I 
~~~ 
e~ c:: 

(!) UJ ::i ground surface (gs) 

: :~D Silty Sand (SW-SM) - mottled 
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Page 1 of 1 

Total Depth of Hole (feet BGS): 9 

Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOC): _N_/A-'-------

Groundwater Depth (feet BGS): 

First Encountered: ¥ 3.5 

Geologist: L. Williams 
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DRILLING LOG OF WL1...LIBORING NO. SB-40 Page 1of1 1 

Project/Location: Wilcox Refinery I Bristow, Oklahoma Total Depth of Hole (feet BGS): 6 

Boring Location: Tributary 2, See Site Map Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOG): '"N"'/A-'---------

Date Started/Finished: .=.06.=.c.A;.:;u~g_u_st_1_9_9~8_1 _________ _ Groundwater Depth (feet BGS): 

Drilling Contractor: Ecology & Environment. Inc. First Encountered: '¥- 3.5 Final: !'. 

Drill Method: JMC - Direct Push, 1 in. dia. hole Geologist: L. Williams 
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e~ i:::: cow:::i ground surface (gs) 
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DRILLING LOG OF Vii. _L/BORING NO. SB-41 

Project/Location: Wilcox Refinery I Bristow. Oklahoma 

Boring Location: Tributary 2, See Site Map 

Date Started/Finished: "'0"-6-'-A'-'u"'gc::uc:.st'-1-"9"9"'8-'-/-----~---
Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: JMC - Direct Push, 1 in. dia. hole 
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fine grained. subangular, 
moderately sorted with silt/ clay -
40%, groundwater @ 2 - 3 feet. 

Total Depth = 6 ft. 

Page 1 of 1 I 

Total Depth of Hole (feet BGS): 6 

Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOG): _N_IA ______ _ 

Groundwater Depth (feet BGS): 

First Encountered: 5l 2.5 Final: ~ 

Geologist: 
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DRILLING LOG OF WL .... LIBORING NO. SB-42 

Project/Location: Wilcox Refinery I Bristow. Oklahoma 

Boring Location: Tributary 2. See Site Map 

Date Started/Finished: .::.0.::.6.:..A=u:;;gccu.::.st'-1'-'9"9"8-'-/---------

Drilling Contractor: Ecology & Environment. Inc. 

Drill Method: JMC - Direct Push. 1 in. dia. hole 
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Silty Sand (SW-SM) - mottled 
reddish brown - brown (5YR 5/8). . . fine grained. subangular . . moderately sorted with silt - 30% 1- . 

Page 1 of 1 

Total Depth of Hole (feet BGS): 6 

Ground Elevation (feet above ): Unknown 

Inner Casing Elevation (TOG): _N_IA ______ _ 

Groundwater Depth (feet BGS): 

First Encountered: 'l 2.5 

Geologist: L. Williams 
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DRILLING LOG OF W~ _UBORING NO. SB-43 

Project/Location: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: Tributary 2, See Site Map 

Date Started/Finished: _0_5_A_u~g~u_st_1_9_9_8_1 _________ _ 

Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: JMC - Direct Push. 1 in. dia. hole 
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Page 1 of 1 I 

Total Depth of Hole (feet BGS): 9 

Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOG): _N_/A-'-------

Groundwater Depth (feet BGS): 

First Encountered: 5l. 6.5 Final: !' 

Geologist: L. Williams 
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DRILLING LOG OF w._~UBORING NO. SB-44 

Project/Location: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: Tributary 2, See Site Map 

Date Started/Finished: ·=-05=--'-A:.::u"'-g"us'-'t--1-'9-'9-"8/'-----------

Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: JMC - Direct Push, 1 in. dia. hole 
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Page 1 of 1 

Total Depth of Hole (feet BGS}: 6 

Ground Elevation (feet above ): Unknown 

Inner Casing Elevation (TOC): _N_IA _____ _ 

Groundwater Depth (feet BGS): 

Final:~ -I First Encountered: 'l- 4.5 

Geologist: L. Williams 
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DRILLING LOG OF WL...-UBORING NO. SB-45 

Project/Location: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: Tributary 2. See Site Map 

Date Started/Finished: _0_5_A-'u"'g"u~st_1_9_9_8_i _________ _ 

Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: JMC - Direct Push, 1 in. dia. hole 
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Total Depth of Hole (feet BGS): 6 

Ground Elevation (feet above): Unknown 

Inner Casing Elevation (TOC): ~N:::/A_:_ _____ _ 

Groundwater De!Jth (feet BGS): 

First Encountered: 'l 1 Final: ~ 

Geologist: L. Williams 
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DRILLING LOG OF WL._UBORING NO. SB-46 

Project/Location: Wilcox Refinery I Bristow, Oklahoma 

Boring Location: Pond 2 east of  Residence 

Date Started/Finished: ~0.::6.:.Ao.:u:.;,gc::u::;st:...1:.:9c::9.::B/'-----------

Drilling Contractor: Ecology & Environment, Inc. 

Drill Method: JMC - Direct Push, 1 in. dia. hole 
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1.0 

Clayey/Silty Sand (Fill) - dark 
brown, strong hydrocarbon odor 

Page 1 of 1 

Total Depth of Hole (feet BGS): 12 

Ground Elevation (feet above ): Unknown 

Inner Casing Elevation (TOG): _N.c/A-'------ i 
Groundwater Depth (feet BGS): _II! 

First Encountered: Si'. NIA Final: !' 

Geologist: L. Williams 
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Appendix B 
Records of Communication 

(6 Pages) 

06 :000608_K.J06 _ 04 _ 00 _ 00-DTl 22 l 
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Tom Beer 
Print Originator's Name 
Ecology and Environment, Inc. 

RECORD OF COMMUNICATION 

Conversation \Vith: Date _fil__/_18_ I __2lL_ 
(Mo) (Day) (Year) 

Name:  Time: 11:00 AM 

Address:  Bristow. OK 74010 [X] Originator Placed Call . 

. , 

Phone: [] Originator Received Call 

Subject: Site Access 

Discussion: 

is the owner of the 80-acre former tank farm area comprising most of the Wilcox Refinery site. gave verbal 

approval for EPA and ST ART to access the property for a site reconnaissance visit and will sign the formal Access Agreement upon 

receipt. The property is mostly fenced but the access gate from the north-central side of the site is not locked.  requested a 

copy of the ESI so I referred him to ODEQ and the EPA. Also,  is in the process of selling the property and has conducted 

some remediation at the site including bulldozing soil over oily \Vaste-at the surface \Vithin tank berms, at Pond I, and on the oily 

waste "Pit". The heavy equipment and operators were apparently provided by Tenneco Oil Company. 

Follow-Up-Action: 

II 

Mail site access consent agreement to 

Originator's Signature 1. ~f1.{_ 

OfrFORMS-ROCfWOMERGE.02105199-DJ 

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



Tom Beer 
Print Originator's Name 
Ecology and Environment. Inc. 

RECORD OF COMMUNICATION 

Conversation with: Date __fil_I __12_ I -2lL_ 
(Mo) (Day) (Year) 

Name:  Time: !0:00 AM 

Address: Bristow. OK 74010 [X] Originator Placed Call 

Phone: [] Originator Received Call 

Subject: Site Access 

Discussion: 

 is the co-owner of the 13 to 20-acre former refinery area comprising most of the \Vestem end of the Wilcox Refinery 

site.  gave verbal approval for EPA and START to access the property for a site reconnaissance visit but stated that his 

son,  is the other co-owner of the property and would have to be contacted for signing the formal Access Agreement 

The property is fenced. and keys to the access gate at the north end of the property can be obtained from  

would like to have a family member preseilt during the site visit. 

 discussed a number of issues related to environmental assessment of the site: 

-  acquired the property from Jim Bankston (JB) in about 1969. The large tanks \\·ere mostly salvaged for scrap iron by JB from 

1965 to 1966. The tank bottom sludge (TBS) \Vere burnt to reduce the liguid content prior to cutting the tank wallS do\vn to 

ground level. The tank base steel \Vas mostly left in place: 

- Three medium size above-ground storage tanks (ASTs) and one small AST remain on site. T \VO in the far northwest corner of the 

are mostly intact and have a thin layer of residual sludge and rain water in the base. one medium-size tank at the south end of the 

is just a shell and the one-small. circular tank \Vith a conical roof in the center of the property has a small. unknown quantity of 

sludge or 'burner fuel' in its base. 

- A third property O\\·ner lives in a trailer on approximately 4 acres-·of land to the east of s property.  

apparently have an unlisted phone number. The area around the  residence was sampled in 1996 during the ESI by \\'eston. 

Follow-Up-Action: 

I 
Contact the remaining property owners on the \Vilcox Refinery site: . 
Mail site access consent agreement to . 

I 
Originator's Signature }_ )l.,pg( 

06: FORMS·ROC/WOMERGE-02. 05. 99·0 l 

(b) (6)

(b) (6)
(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6) (b) (6)

(b) (6)

(b) (6)
(b) (6)



Tom Beer 
Print Originator's Name 
Ecology and Environment, Inc. 

RECORD OF COMMUNICATION 

Conversation with: Date _QLJ__l.2_ I -2l!_ 
(Mo) (Day) (Year) 

Name: Mr. Hal Cantwell and Mr. Karen Khalafian Time: 11 :00 AM 

Address: Oklahoma Department of Environmental Quality (ODEQ), Tulsa. OK [X] Originator Placed Call 
-

Phone: ( 405) 271-7158 and ( 405) 702-5115 0 Originator Received Call 

Subject: ODEQ Involvement at Wilcox Refinery 

Discussion: 

Mr. Cantwell is the supervisor of the Site Assessment Group at ODEQ in Tulsa. He confirmed ODEQ has knowledge and 

experience at the site, but that no site-specific investigation of the site is being conducted currently. Mr. Cantwell referred me to Mr. 

Khalafian who is currently conducting a sire investigation at the adjacent Ohio Oil Refinery site to the north of Wilcox, that includes 

a regional groundwater study. 

Mr. Khalafian (KK) was helpful in providing background information for the area and the status of current ODEQ activities. The 
original 

Wil~ox Refinery included the Ohio Oil Refinery site (north) and the Lorraine Refinery site (\vest) of the current EPA Wilcox 

project site. KK is sampling domestic and municipal \i,:ells in and around the project area and the City of Bristow. during 

the \Veek of March 23. KK agreed to provide START \Vith analytical results upon completion. KK provided the following aquifer 

information: 

- a shallow aquifer occurs at about 30 ft .. bgs and domestic wells are screened at 60 to 70 ft. bgs; 

- shallow wells at the First Assembly Church (Lorraine Refinery) and  property have been closed recently due to 

hydrocarbon odor and taste: 

- deeper wells for the City of Bristo\v are screened at about 200 ft. bgs and produce good water. 

KK will provide copies of relevant aerial photos and Sanborn maps when we meet onsite next \veek or during subsequent field work. 

I 
F ollo\\·-U p-Action: 

I 

Originator's Signature ]. ~ ppy 

!}6-FOR.1-tS-ROOWOMERGE-02/05/99--D! 

(b) (6)



Torn Beer 
Print Originator's Name 
Ecology and Environment, Inc. 

RECORD OF COMMUNICATION 

Conversation with: Date __fil_/_JL I ~ 
(Mo) (Day) (Year) 

Name:  Time: 16:55 PM 

Addre Bristow, OK 740 IO D Originator Placed Call 

Phone [] Originator Received Call 

Subject: Site Access 

Discussion: 

Meet  by chance at his driveway entrance during the START site reconnaissance visit on 3/25/98.  readily provided 

his unlisted phone number, address, and verbal permission to access his property. He stated that his security precautions and 

\\·arning signs \Vere mostly to keep out ro\vdy teenagers and prevent crank phone calls. and his \Vife  have only 

O\\ned the 3.6-acre lot since 1996, and don't knov.· any site history. They have areas of oily waste at the surface surrounding their 

trailer home. mostly outside the inner fenceline. Gas and water utility lines follow south along the \Vest side of the gravel access 

road and angle southwest toward the house from a point on the access road near the gas meter. 

F ollo\v-Up-.A.ction: 

Mail site access consent agreement to  

I Originator's Signature ). B.;PL 

06 F0R."S-ROGWOMERGE.Q2/05/99-Dl 

(b) (6)

(b) (6)

(b) (6) (b) (6)

(b) (6) (b) (6)

(b) (6)



Tom Beer 
Print Originator's Name 
Ecology and Environment. Inc. 

RECORD OF COMMUNICATION 

Conversation with: Date _QL/_QL I __2L_ 
(Mo) (Day) (Year) 

Name: Time: l 0:30 AM 

Address: Bristow, OK 74010 [] Originator Placed Call 

Phone: O Originator Received Call 

Sub_iect: Site Access 

Discussion: 

Meet  at his business prior to the START site reconnaissance visit to  property on 3/25/98.  gave 

verbal permission to access his property and arranged for his brother  \Vho lives in the site residence, to open the gate and 

accompany us onsite.  can provide a gate key to START for easier access during field work. 

Follo\v-Cp-Action: 

I 
Originator's Signature 7 R;P/ 

06:FORJ.tS-ROC WOMERGE-02105199-D I 

(b) (6)

(b) (6)
(b) (6)

(b) (6) (b) (6) (b) (6)

(b) (6)

(b) (6)



Tom Beer 
Print Originator's Name 
Ecology and Environment. Inc. 

RECORD OF COMMUNICATION 

Conversation with: Date _QL/__llL I --21!_ 
(Mo) (Day) (Year) 

Name: Ms. Linda Tate Time: 10:00 AM 

Address: Administrator. City of Bristow, Bristow. OK 74010 [X] Originator Placed Call 

Phone: (918) 367-6233 0 Originator Received Call 

Subject: Informing the Mayor of EPA. ST ART Site Activity at Wilcox Refinery 

Discussion: 

Initially ST ART left a message \vith :\1s. Tate on 4/27/98 to inform the Mayor of proposed field investigation activities to be 

performed at Wilcox Refinery. The first field sampling event was postponed due to heavy rain and muddy site conditions. tv1s. Tate 

was contacted again prior to the second field mobilization to inform the City of Bristo\v of further site activities. Ms. Tate \.viii 

inform the Mayor and alerted START that more rain fell in the area on Tuesday 5/26/98. Ms. Tate was also aware of the water well 

testing conducted by ODEQ in March. 1998. 

.. 

I 
Follow-Up-Action: 

I 
II 

11 
Originator's Signature I 

06:FORMS-ROC/WOMERGE-02/05!99-Di 
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